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   B. Submittal Information:

1. Product Data:  Submit manufacturer's technical product data including rated capacities of selected
model clearly indicated, performance characteristics, weights, furnished specialties and
accessories, and installation and startup instructions.  Provide characteristic fan curves, gauges,
color, and finish of materials.

2. Shop Drawings:  Submit manufacturer's assembly type drawings indicating dimensions, weight
loadings, required clearances, and method of assembly of components.

3. Shop Drawings, Wiring Diagrams:  Manufacturer's electrical requirements for power supply
wiring to terminal units.

4. Shop Drawings, Wiring Diagrams:  Manufacturer's ladder type for interlock and control wiring. 
Differentiate between portions of wiring that are factory-installed and portions to be field
installed.

5. Motors:  For polyphase motors 5 hp and larger, submit in accordance with requirements of
Section 16220.  For single phase, definite purpose, special purpose and polyphase motors less
than 5 hp, submit NEMA design types, construction, insulation class, NEMA frame size,
horsepower, voltage and amp draw characteristics, and service factor for each common
application.

6. Operating and Maintenance (O&M) Data:

a. Maintenance instructions including lubrication instructions, filter replacement, motor and
drive replacement, and spare parts lists.

b. Include O&M data, product data, and Shop Drawings in single bound manuals per
requirements in Section 01785.

   C. Submit in accordance with Section 01300.

   D. Information submitted by CONTRACTOR, but not designated to be submitted will be returned without
action by COTR.

1.03 QUALITY ASSURANCE

   A. Manufacturers:  Firms regularly engaged in manufacture products of types, materials, and sizes required,
whose products have been in satisfactory use in similar service.

PART 2 PRODUCTS

2.01 GENERAL

   A. Where more than 1 type is indicated, selection is CONTRACTOR'S option or compliance with
governing regulations.

   B. Manufacturer's equipment used as basis of design for this project is name indicated in specification for
particular type of equipment or application contained in Contract Documents.  If no manufacturer is
listed, basis of design is industry standard indicated.

2.02 DUCTLESS SPLIT SYSTEM AIR CONDITIONING UNIT

   A. Manufacturer's equipment used as basis of design for Project is name indicated in schedule contained in
Contract Documents.

1. EMI, Enviromaster International Co.
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2. Fredrich Air Conditioning Co.
3. Hitachi America, Ltd.
4. Sanyo Air Conditioning Products.
5. Or equal.

   B. Unit shall be factory assembled, piped, wired and full charged with R-22.  Unit shall be UL listed and
carry UL label.  Unit shall be factory run-tested to check operation.  Performance shall be rated and
certified in accordance with A.R.I. standards and meet minimum D.O.E. standards.

   C. Air Cooled Condensing Unit

1. Outdoor unit cabinet shall be zinc-coated G-60 (UL) steel with a baked-on electrocoat primer and
polyester melamine finish.  Knockouts shall be provided for electrical service and access panel to
unit controls.  Refrigerant line connections shall be recessed so as not to extend beyond cabinet
base pan.  Outdoor unit shall be draw-through in horizontal configuration.

2. Compressor shall be hermetically sealed, reciprocating, high-efficiency, with internal overload
protection.  Refrigerant circuit shall include liquid line drier and system shall include service
valves.  Outdoor coil shall be high efficiency louvered aluminum plate fins mechanically bonded
to copper tubes.

3. Outdoor fan(s) shall be totally enclosed, PSC, direct drive with built-in thermal overload
protection and serviceable oil ports.

  
  D. Indoor Fan Coil Unit

1. Indoor fan coil shall be designed for surface mounting,  high  on a vertical wall.  Evaporator
configuration shall be draw through, down discharge.  Fan coil shall include two full length
discharge grilles.  Fan coil unit exposed grille shall be made of high density, impact resistant,
decorative plastic.

   2. Fan coil unit shall include permanent filters which are removable from bottom of fan coil. 
Blowers shall be tangential, driven by direct drive motor to produce low sound levels.  Indoor fan
coil shall include anti-frost control.  Fresh air shall enter fan coil so that it is filtered and
conditioned before entering occupied space.

3. Fan coil shall include three speed fan and manual fan speed selector switch.
4. System shall include micro electronic controller capable of single stage cooling/heating control

and 7-day programming.  Controller shall allow for up to 4 times and temperature programs each
day for up to 7 days.  Controller shall infra-red hand-held remote..

2.03 LOUVER

   A. Manufacturers:

1. Greenheck, EDJ-401
2. Carnes, L-33.
3. Or equal.

   B. Except as otherwise indicated, provide manufacturer's standard louvers where shown of size, shape,
capacity, and type indicated; constructed of materials and components as indicated and required for
complete installation.

   C. Performance:  Provide weatherproof louvers that have minimum free area and maximum pressure drop
for each type listed in manufacturer's current data.

   D. Substrate Compatibility:  Provide louvers with frame and sill styles that are compatible with adjacent
substrate and specifically manufactured to fit into construction openings with accurate fit and adequate
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support for weatherproof installation.  Refer to general construction drawings and specifications for
types of substrate which will contain each type of louver.

   E. Materials:  Construct of aluminum extrusions, ASTM B221, Alloy 6063-T52.  Weld units or use
stainless steel fasteners.

   F. Louver Screens:  On inside face of exterior louvers, provide 2 in. sq mesh anodized aluminum wire bird
screens mounted in removable extruded aluminum frames.

   G. Finish:  Anodized aluminum frame and blades  Color will be selected by COTR.

2.04 DAMPERS

   A. Manufacturers:

1. Carnes, L-48.
2. Greenheck.
3. Or equal.

   B. Provide automatic control dampers as indicated with damper frames not less than formed 13 ga
galvanized steel.  Provide mounting holes for enclosed duct mounting.  Provide damper blades no less
than formed 16 ga galvanized steel with maximum blade width of 8 in.  Equip dampers with motors,
with proper rating for each application.

1. Secure blades to 2 in. dia, zinc plated axles using zinc plated hardware.  Seal off against spring
stainless steel blade bearings.  Provide blade bearings of nylon and thrust bearings at each end of
every blade.  Construct blade linkage hardware of zinc plated steel and brass.  Submit leakage and
flow characteristics, plus size schedule for controlled dampers.

2. Operating Temperature Range:  From -20EF to 200EF (-29EC to 93EC).
3. For standard applications as indicated, provide parallel or opposed blade design (as selected by

manufacturer's sizing techniques) with optional closed cell neoprene edging.
4. For low leakage applications as indicated, provide parallel or opposed blade design (as selected by

manufacturer's sizing techniques) with inflatable seal blade edging or replaceable rubber seals,
rated for leakage at less than 10 cfm/sq ft of damper area at differential pressure of 4 in. wg when
damper being held by torque of 50 in./lbs.

   C. Damper Motors:  Provide 115 volt, single-phase electric damper motors sized to operate dampers with
sufficient reserve power to provide smooth 2-position action.

1. Provide permanent split capacitor or shaded pole type motors with gear trains completely oil
immersed and sealed.  Equip spring return motors with integral spiral spring mechanism. 
Furnish entire spring mechanism in housings designed for easy removal for service or adjustment
of limit switches, auxiliary switches or feedback potentiometer.

2. Equip motors for outdoor locations and outside air intakes with 0-ring gaskets designed to make
motors completely weatherproof, and internal heaters permitting normal operation at -40EF.

  2.05 AXIAL WALL FANS

   A. Manufacturers:

1. Greenheck, Inc.
2. Bayley Propellair Fans, Lau Division, Philips Industries, Inc.
3. Or equal.
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   B. Provide factory fabricated panel and ring fans of size indicated with capacities and accessories as
detailed, scheduled or specified.

   C. Fan Units:  Factory assembled and tested consisting of mounting ring or panel, wheel, fan shaft,
bearings, motor, and drive.  Clean, condition, and prime ferrous metal parts prior to final assembly. 
Apply final coat of enamel to exterior surfaces after assembly.

   D. Housing Panel:  Minimum 12 ga reinforced panels with fan rings and venturi inlets.

   E. Wheel:  Provide following wheel types, as scheduled.

1. Heavy gauge steel blades riveted to stamped, heavy gauge hub, statically and dynamically
balanced in unit after assembly.  Key wheel to drive shaft.

   F. Motors: TEFC, high efficiency with 1.15 service factor

   G. V-Belt Drives:  Adjustable pitch, V-belt drive selected for 150% of rated motor horsepower.  Provide belt
drive units with adjustable motor base with mounting bolts to provide for variation in center distance.

1. Select adjustable pitch sheaves for operation at midpoint of adjustment range at design pressure
and capacity.

2. OSHA approved fan guard assembly with provisions for use of tachometer without removing
guard assembly.

3. Heavy duty, grease lubricated ball bearings selected for minimum AFBMA L10 life of 50,000 hrs.

   H. Accessories:

1. Extended Grease Lines:  Extend grease lines from bearings to outside of fan housing, terminate
with grease fittings.

PART 3 EXECUTION

3.01 DUCTLESS SPLIT SYSTEM AIR CONDITIONING UNIT

   A. Install units in accordance with manufacturer's written instructions and recognized industry practices to
ensure products serve intended function.

   B. Electrical installation shall be in accordance with Division 16.

   C. Mount condenser unit on concrete pad.

3.04 PIPING CONNECTIONS

   A. Ensure piping connections are made to prevent refrigerant leaks and prevent strain on unit components
and excessive vibration.

   B. Furnish and install flexible metal hose connectors where required to prevent undue strain or vibration.

3.02 INSTALLATION OF LOUVER AND DAMPER

   A. Examine areas and conditions under which air inlets are to be installed.  Do  not proceed with work until
unsatisfactory conditions have been corrected.



020499 15702-6 WRALC/EMQ - 202858

   B. Install air inlets in accordance with manufacturer's written instructions and recognized industry practices
to ensure products serve intended functions.  Install ducts pitched to drain to outside or provide
supplemental drain piping.

   C. Coordinate with other work, including necessary interface to install air inlets with other work.

   D. Provide wiring to interlock damper motor with exhaust fan.

3.03 INSTALLATION OF WALL EXHAUST FAN

   A. Except as otherwise indicated or specified, install ventilator in accordance with manufacturer's
installation instructions and recognized industry practices to ensure ventilator serve intended function.

   B. Coordinate ventilator work with work of roofing, walls, and ceilings necessary for proper interfacing.

   C. Electrical Wiring:  Install electrical devices furnished by manufacturer but not specified to be
factory-mounted and reverse acting thermostat.  Furnish copy of manufacturer's wiring diagram
submittal to electrical installer.

1. Verify electrical wiring installation is in accordance with manufacturer's submittal and
installation requirements of Division 16 sections.  Verify proper rotation direction of fan wheels. 
Do not proceed with equipment startup until wiring installation is acceptable to equipment
installer.

2. Install thermostat on subbase.  For single-phase motors, wire in series with unit disconnect in
motor power circuit.  For polyphase motors, wire into starter control circuit in series with
automatic side of starter Hand-Off-Auto switch.

   D. Remove shipping bolts and temporary supports within ventilator.  Adjust dampers for free operation.

   E. After installation of ventilators has been completed, test ventilator to demonstrate proper operation of
units at performance requirements specified.  When possible, field correct malfunctioning units, then
retest to demonstrate compliance.  Replace units which cannot be satisfactorily corrected.

   F. Controls:  Wire thermostat, exhaust fan and motor operated dampers to operate as follows:

1. "Off" Position - Fan motor off and inlet and exhaust closed.
2. "Hand" Position - Exhaust fan motor operates continuously and dampers open.
3. "Auto" Position - When space temperature rises above thermostat setpoint (85EF, field adjustable)

fan motor is energized and dampers open.  When space temperature falls 2EF below setpoint,
reverse procedure.

* * * END OF SECTION * * *
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SECTION 16011
ELECTRICAL GENERAL REQUIREMENTS

PART 1 GENERAL

1.01 APPLICABLE PUBLICATIONS

The publications listed below form a part of this specification to the extent referenced.  The publications
are referred to in the text by the basic designation only.

   A. American National Standards Institute (ANSI)

ANSI C2 1996 National Electrical Safety Code

   B. Institute of Electrical and Electronics Engineers (IEEE) Publication:

100-1984 Standard Dictionary of Electrical and 
Electronics Terms

   C. National Electrical Manufacturers Association (NEMA) Publication:

ICS 6-88 Enclosures for Industrial Controls and
(Rev 1, Mar 89) Systems

   D. National Fire Protection Association (NFPA) Publication:

70-96 National Electrical code
70B-90 Electrical Equipment Maintenance

1.02 APPLICATION

This section applies to all sections of Division 16, "Electrical," of this project, except as specified
otherwise in each individual section.

1.03 DEFINITION OF ELECTRICAL TERMS

Unless otherwise specified or indicated, electrical terms used in these specifications, and on the drawings,
shall be as defined in IEEE Standard No. 100.  Otherwise, use these terms, definitions, and abbreviations
for this project:

   A. Identified:  Recognizable as suitable for specific purpose, function, use, environment, or application.

   B. Integrated Equipment Short Circuit Rating (IER):  The least rating of devices installed in equipment.
Series ratings shall be tested and labeled by UL.

   C. Isolated:  Not readily accessible to persons unless special means for access are used.

   D. Labeled:  (As applies to manufacturer and testing labels.)  Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an organization acceptable to the authority having
jurisdiction and concerned with product evaluation, that maintains periodic inspection of production of
labeled equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
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   E. Labeled:  (As applies to CONTRACTOR furnished labels.)  Equipment shall have attached specific labels
and of the types required.  These labels are required in addition to any manufacturer or testing labels
required.

   F. Special Permission:  The Base Civil Engineer is the "authority having jurisdiction" and has the ability to
give, through the CONTRACTING OFFICER, special permission to override and/or determine
requirements as specified in the NEC.

1.04 DELIVERY AND STORAGE

Handle, store, and protect equipment and materials in accordance with the manufacturer's
recommendations and with the requirements of NFPA 70B, Appendix I, titled "Equipment Storage and
Maintenance During Construction."  Replace damaged or defective items with new items.

1.05 QUALITY ASSURANCE

   A. Material and Equipment Qualifications:  Provide materials and equipment that are products of
manufacturers regularly engaged in the production of such products which are of equal material, design
and workmanship.  Products shall have been in satisfactory commercial or industrial use for 2 years prior
to bid opening.  The 2-year period shall include applications of equipment and materials under similar
circumstances and of similar size.  The product shall have been for sale on the commercial market
through advertisements, manufacturers' catalogs, or brochures during the 2-year period.

   B. Service Support:  The equipment items shall be supported by service organizations which are reasonably
convenient to the equipment installation in order to render satisfactory service to the equipment on a
regular and emergency basis during the warranty period of the contract.  Where two or more items of the
same class of equipment are required, these items shall be products of a single manufacturer; however, the
component parts of the item need not be the products of the same manufacturer unless stated in the
technical section.

   C. Modification of References:  In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "shall" had been substituted for "should" wherever it
appears.  Interpret references in these publications to the "authority having jurisdiction," or words of
similar meaning, to mean the CONTRACTING OFFICER.

1.06 INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of competent instructors to give full
instruction to designated GOVERNMENT personnel in the adjustment, operation, and maintenance of the
specified systems and equipment, including pertinent safety requirements as required.  Instructors shall be
thoroughly familiar with all parts of the installation and shall be trained in operating theory as well as
practical operation and maintenance work.  Instruction shall be given during the first regular work week
after the equipment or system has been accepted and turned over to the GOVERNMENT for regular
operation.  The number of man-days (8 hours per day) of instruction furnished shall be as specified in the
individual section.

PART 2 PRODUCTS

2.01 MINIMUM REQUIREMENTS

All materials, equipment, and devices shall, as a minimum, meet the requirements of UL where UL
standards are established for those items, and the requirements of NFPA 70.
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2.02 AGE

All items shall be new unless specified or indicated otherwise.

2.03 CAPACITIES

Capacities of equipment and material shall not be less than indicated, except generators shall be sized as
close as possible to the indicated rating.

PART 3 EXECUTION

3.01  INSTALLATION REQUIREMENTS

   A. Conformance:  Electrical installations shall conform to ANSI C2, NFPA 70, and requirements specified
herein.  When the Specifications and Drawings differ from the ANSI C2 or NFPA 70, follow the more
stringent.  Adhere strictly to statements and instructions appearing on equipment and in accompanying
literature.

   B. Coordination:  The Drawings indicate the extent, general location, and arrangement of equipment,
conduit, and wiring.  Study building plans and details so that the outlets and equipment will be properly
located and readily accessible.  Locate lighting fixtures, equipment, and outlets symmetrically according
to the room arrangement so as to avoid interference with mechanical or structural features.

3.02  PAINTING OF EQUIPMENT

   A. Factory Applied:  Electrical equipment shall have factory-applied painting systems which shall, as a
minimum, meet the requirements of NEMA ICS 6 corrosion-resistance test.  Exterior finish for all
transformers and switches shall be RAFB, #48 Brown.

   B. Field Applied:  Paint electrical equipment as required to match finish or to meet safety criteria per Section
09961.

3.03  FIELD TESTS AND INSPECTIONS

   A. General:  The CONTRACTOR shall demonstrate that all circuits and devices are in good operating
condition.  Tests each item of control equipment for correct function not less than five times.

   B. Ground Resistance Tests:  The CONTRACTOR shall measure ground resistance from each piece of
equipment to the ground electrode system, and record the results.

* * * END OF SECTION * * *
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SECTION 16060
GROUNDING

PART 1 GENERAL

1.01 SUMMARY

   A. Section includes:

1. Solid grounding of electrical systems and equipment.
2. Basic requirements for grounding for protection of life, equipment, circuits, and systems.
3. Grounding requirements specified in this Section may be supplemented in other sections of these

Specifications.

1.02 REFERENCES

   A. American Society for Testing and Materials (ASTM):

1. B3-90 - Standard Specification for Soft or Annealed Copper Wire.
2. B8-90 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-

Hard, or Soft.
3. B33-91 - Standard Specification for Tinned Soft or Annealed Copper Wire for Electrical

Purposes.
4. E699 E1-79 - Standard Criteria for Evaluation of Agencies Involved in Testing, Quality

Assurance, and Evaluating Building Components in Accordance with Test Methods Promulgated
by ASTM Committee E-6.

 B. Underwriter's Laboratories (UL)

1.  467 84 - UL Standard for Safety Grounding and Bonding Equipment.

1.03 SUBMITTALS

   A. Report of Field Tests and Observations:   Certified by CONTRACTOR.

   B. Test Results:

1. Certified field tests and observation reports indicating and interpreting test report for compliance
with performance requirements.

 
   C. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Regulatory Requirements:
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1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

PART 2 PRODUCTS

2.01 GROUNDING AND BONDING PRODUCTS

   A. Products:  Of types indicated and of sizes and ratings to comply with NEC.  Where types, sizes, ratings,
and quantities indicated are in excess of NEC requirements, more stringent requirements and greater
size, rating, and quantity indications govern.

   B. Conductor Materials:  Copper.

2.02 WIRE AND CABLE CONDUCTORS

   A. Comply with Section 16120.  Conform to NEC Table 8, except as otherwise indicated, for conductor
properties, including stranding.

   B. Equipment Grounding Conductor:  Green insulated.

   C. Grounding Electrode Conductor:  Stranded cable.

   D. Bare Copper Conductors:

1. Solid Conductors:  ASTM B3.
2. Assembly of Stranded Conductors:  ASTM B8.
3. Tinned Conductors:  ASTM B33.

2.03 MISCELLANEOUS CONDUCTORS

   A. Ground Bus:  Bare annealed copper bars of rectangular cross section.

   B. Braided Bonding Jumpers:  Copper tape, braided No. 30 gage bare copper wire, terminated with copper
ferrules.

   C. Bonding Strap Conductor/Connectors:  Soft copper, 0.05 in. thick and 2 in. wide, except as indicated.

2.04 CONNECTOR PRODUCTS

   A. General:  Listed and labeled as grounding connectors for materials used.

   B. Pressure Connectors:  High-conductivity-plated units.

   C. Bolted Clamps:  Heavy-duty units listed for application.

   D. Exothermic Welded Connections:  Provide in kit form and select for specific types, sizes, and
combinations of conductors and other items to be connected.
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2.05 GROUNDING ELECTRODES

   A. Ground Rods:  Copper-clad steel with high-strength steel core and electrolytic-grade copper outer
sheath, molten welded to core.

1. Size:  3/4 inch by 10 feet unless otherwise indicated.

PART 3 EXECUTION

3.01 APPLICATION

   A. Equipment Grounding Conductor Application:  Comply with NEC Article 250 for sizes and quantities of
equipment grounding conductors, except where larger sizes or more conductors are indicated.

1. Install separate insulated equipment grounding conductors with circuit conductors.

a. Raceway may be used as equipment ground conductor where feasible in non-hazardous
areas and permitted by NEC for lighting circuits and receptacle circuits.

b. Install insulated equipment ground conductor in nonmetallic raceways unless designated for
telephone or data cables.

   B. Underground Conductors:  Bare, tinned, stranded copper except as otherwise indicted.

   C. Signal and Communications:  For telephone, alarm, instrumentation and communication systems,
provide #4 AWG minimum green insulated copper conductor in raceway from grounding electrode
system to each terminal cabinet or central equipment location.

   D. Ground separately derived systems required by NEC to be grounded in accordance with NEC paragraph
250-26.

   E. Metal Poles Supporting Outdoor Lighting Fixtures:  Ground pole to grounding electrode as indicated in
addition to separate equipment grounding conductor run with supply branch circuit.

   F. Provide grounding per IAW MIL Handbook 419 and 419A.

3.02 INSTALLATION

   A. General:  Ground electrical systems and equipment in accordance with NEC requirements except where
Drawings or Specifications exceed NEC requirements.

   B. Ground Rods:

1. Locate minimum of one-rod length from each other and at least same distance from any other
grounding electrode.

2. Interconnect ground rods with bare conductors buried at least 24 in. below grade.
3. Connect bare-cable ground conductors to ground rods by means of exothermic welds except as

otherwise indicated.
4. Make connections without damaging copper coating or exposing steel.
5. Use 3/4-inch by 10-ft. ground rods except as otherwise indicated.
6. Drive rods until tops are 6 inches below finished floor or final grade except as otherwise

indicated.
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   C. Metallic Water Service Pipe:

1. Provide insulated copper ground conductors, sized as indicated, in conduit from building main
service equipment, or ground bus, to main metallic water service entrances to building.

2. Connect ground conductors to street side of main metallic water service pipes by means of ground
clamps.

3. Bond ground conductor conduit to conductor at each end.

   D. Braided-Type Bonding Jumpers:

1. Use elsewhere for flexible bonding and grounding connections.

   E. Route grounding conductors along shortest and straightest paths possible without obstructing access or
placing conductors where they may be subjected to strain, impact, or damage, except as indicated.

3.03 CONNECTIONS

   A. General:  Make connections to minimize possibility of galvanic action or electrolysis.  Select connectors,
connection hardware, conductors, and connection methods so metals in direct contact will be
galvanically compatible.

1. Use electroplated or hot-tin-coated materials to assure high conductivity and make contact points
closer in order of galvanic series.

2. Make connections with clean bare metal at points of contact.
3. Aluminum to steel connections:  stainless steel separators and mechanical clamps.
4. Aluminum to galvanized steel connections: tin-plated copper jumpers and mechanical clamps.
5. Coat and seal connections involving dissimilar metals with inert material such as red lead paint to

prevent future penetration of moisture to contact surfaces.

   B. Exothermic Welded Connections:

1. Use for connections to structural steel and for underground.
2. Install at connections to ground rods and plate electrodes.
3. Comply with manufacturer's written recommendations.
4. Welds that are puffed up or that show convex surfaces indicating improper cleaning are not

acceptable.

   C. Terminations:

1. Terminate insulated equipment grounding conductors for feeders and branch circuits with
pressure-type grounding lugs.

2. Where metallic raceways terminate at metallic housings without mechanical and electrical
connection to housing, terminate each conduit with grounding bushing.

3. Connect grounding bushings with bare grounding conductor to ground bus in housing.
4. Bond electrically noncontinuous conduits at both entrances and exits with grounding bushings

and bare grounding conductors.

   D. Tighten grounding and bonding connectors and terminals, including screws and bolts, in accordance
with manufacturer's published torque tightening values for connectors and bolts.  Where manufacturer's
torquing requirements are not indicated, tighten connections to comply with torque tightening values
specified in UL 486A and UL 486B.
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   E. Compression-Type Connections:  Use hydraulic compression tools to provide correct circumferential
pressure for compression connectors.  Use tools and dies recommended by manufacturer of connectors.
Provide embossing die code or other standard method to make visible indication that connector has been
adequately compressed on ground conductor.

   F. Moisture Protection:  Where insulated ground conductors are connected to ground rods or ground buses,
insulate entire area of connection and seal against moisture penetration of insulation and cable.

3.04 FIELD QUALITY CONTROL

   A. Testing:

1. Subject completed grounding system to megger test at each location where maximum ground-
resistance level is specified, at service disconnect enclosure grounding terminal, and at ground
test wells.

2. Measure ground resistance not less than 2 full days after last trace of precipitation, and without
soil being moistened by any means other than natural drainage or seepage and without chemical
treatment or other artificial means of reducing natural ground resistance.

3. Perform tests by 2 point method according to Section 9.03 of IEEE 81.

   B. Maximum grounding to resistance values are as follows:

1. Equipment Rated 500 kVA and Less:  10 ohms.

   C. Excessive Ground Resistance:  Where resistance to ground exceeds specified values, notify
CONTRACTING OFFICER promptly and include recommendations to reduce ground resistance and to
accomplish recommended work.

   D. Report:  Prepare certified test reports, of ground resistance at each test location.  Include observations of
weather and other phenomena that may affect test results.  Describe measures taken to improve test
results.

3.05 RESTORATION

   A. Restore surface features at areas disturbed by excavation and reestablish original grades except as
otherwise indicated.

   B. Where sod has been removed, replace it as soon as possible after backfilling is completed.

   C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other Work to their original
condition.

   D. Include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, or mulching per Section
02935.

   E. Restore disturbed paving as indicated.

* * * END OF SECTION * * *
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SECTION 16120
CONDUCTORS AND CABLES

(600 v and Less)

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Building wires and cables and associated splices, connectors, and terminations for wiring systems
rated 600 v and less.

1.02 DEFINITIONS

   A. Underfloor Conduits.

1. Conduits run underground within perimeter of building walls under building floor.  This may
consist of 1 conduit, or several conduits grouped together.

   B. Duct Bank Conduits

1. Conduits run underground outside perimeter of building walls.  This may consist of 1 conduit, or
several conduits grouped together.

   C. Underground Conduits

1. Underground conduits are both underfloor conduits and duct bank conduits.

1.03 QUALITY ASSURANCE

   A. Items provided under this Section shall be listed or labeled by UL or other Nationally Recognized
Testing Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

1.04 DELIVERY, STORAGE, AND HANDLING

   A. Deliver wire and cable according to NEMA WC 26.

PART 2 PRODUCTS

2.01 BUILDING WIRES AND CABLES

   A. UL-listed building wires and cables with conductor material, insulation type, cable construction, and
rating as required to meet application and NEC requirements.
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   B. Wire and cable for 600 volts and below:  Soft drawn, copper wire with 600 volt insulation.

1. Conductors:

a. Annealed, copper in accordance with ASTM B33.
b. Stranding:  Class B in accordance with ASTM B8, except No. 12 AWG branch circuits may

be solid.

2. Insulations and Coverings:

a. Rubber:  Conform to NEMA WC 3.
b. Thermoplastic:  Conform to NEMA WC 5.
c. Cross-Linked Polyethylene:  Conform to NEMA WC 7.
d. Ethylene Propylene Rubber:  Conform to NEMA WC 8.

   C. Feeders and service conductors:  Single conductor Type XHHW.

   D. Branch Circuits:

1. Single Conductor Type THHN/THWN:  Above ground and underfloor conduits.
2. Single Conductor Type XHHW:  Duct bank conduit.
3. No. 12 AWG minimum size (unless otherwise noted) for branch circuit wiring, including motor

circuits.
4. Size 120 v branch circuits for length of run on following basis.

a. 0 to 50 ft Run From Panelboard to first outlet:  No. 12 AWG minimum.
b. 51 to 100 ft Run:  Increase one wire size, i.e., No. 12 AWG becomes No. 10 AWG.
c. 101 to 150 ft Run:  Increase two wire sizes, i.e, No. 12 AWG becomes No. 8 AWG.
d. 151 ft and Above:  Wiring sized for 3% maximum voltage drop.

5. For other branch circuits, voltage drop for branch circuits and feeder circuit combined shall not
exceed requirements of NEC 215.

   E. Control Circuits: 

1. Single conductor Type THHN/THWN:  Above ground and underfloor conduits.
2. Multi-wire cable assembly:  Duct bank conduits.

   F. Non-shielded Instrumentation, Graphic Indication, and Other Control Wiring Operating at Less Than
120 v:  No. 14 AWG except as otherwise indicated with same insulation as control circuits.

1. Single conductor Type THHW/THWN, above ground and underfloor conduits.
2. Multi-wire cable assembly:  Duct bank conduits.

   G. Shielded Instrumentation Wiring, above ground and underfloor conduits:

1. PVC insulation, tinned copper (19 by 27) stranded, No. 16 AWG, twisted pair or triplet cabled
with aluminum mylar shielding, stranded, tinned, No. 18 AWG copper drain wire, and overall
black FR-PVC, 90EC, 600 volt jacket.

2. Multi-wire cable assembly:  duct bank conduits.

   H. Telephone Wire, above ground conduits:

1. Vinyl insulation, tinned copper, solid twisted pair, cabled conductors, and silver gray vinyl jacket.
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a. Up to 4 conductors per cable:  22 AWG solid wire.
b. Over 4 conductors per cable:  24 AWG solid wire.

   I. Fire Alarm Circuits:  Match existing cables and wires for extension of existing system.

   J. Multi-Wire Control and Instrumentation Cable Assemblies:

1. Multi-conductor, color-coded cable with number and size of conductors indicated.
2. Where spare conductors are not indicated provide 10% spare conductors.  One pair minimum.
3. Control and non-shielded instrumentation.

a. Bare soft stranded No. 14 or 12 AWG copper in accordance with ASTM B3.
b. Class B stranded in accordance with ASTM B8.
c. Type THWN insulation also meeting requirements of NEMA WC-5 with armor-nylon in

accordance with UL 83-THHN/THWN.
d. Color coded in accordance with NEMA WC-5 Method I Table K-2.
e. Cabled with suitable fillers.
f. Overall black FR-PVC, 90°C, 600 volt sunlight resistant jacket.
g. UL listed for installation in cable trays in accordance with NEC Art. 318, Class I,

Division 2 hazardous areas and in accordance with NEC 340 and for direct burial.

4. Shielded Instrumentation:

a. Bare soft stranded No. 16 AWG copper in accordance with ASTM B3.
b. Class B stranded tinned copper in accordance with ASTM B8.
c. PVC with nylon armor insulation.
d. Twisted pairs color coded in accordance with NEMA WC-5 Method I Table K-2, and

numbered.
e. Individual and overall aluminum mylar shields and seven strand tinned copper drain wires.
f. Overall black FR-PVC 90°C 600 volt sunlight resistant jacket.
g. UL listed for installation in cable trays in accordance with NEC 318, Class I, Division 2

hazardous areas in accordance with NEC 340 and for direct burial.

   K. Fiber Optic Cable:

1. Fibers shall meet or exceed following standards:

a. ANSI X3T9.5 PMD.
b. UL 1581 (OFN).
c. UL 1666 (OFNR).
d. UL 910 (OFNP).
e. NEC Article 770 (1987).
f. EIA 455.

2. Graded index, glass on glass fibers.
3. Core dia 62.5 microns, ±3 microns measured via:

a. EIA 455-29 (transverse interference).
b. EIA 455-43 (near field).
c. EIA 455-44 (refracted ray).

4. Fiber cladding 125 microns, ±3 microns per EIA 455-55 or EIA 455-48.
5. Fiber shall have mechanically strippable coating per EIA 455-55.

a. Loose tube construction shall have dia of 250 microns ±15 microns.
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b. Tight buffer construction shall have dia of 500 microns ±25 microns.

6. Core noncircularity less than or equal to 6% per EIA 455-45.
7. Cladding noncircularity less than 2% per EIA 455-45.
8. Core to cladding concentricity error less than 6% per EIA 455-45.
9. Coating/cladding concentricity error less than or equal to 20 microns per EIA 455-45.
10. Tensile load minimums:

a. 50 Kpsia for 250 micron coated fibers.
b. 100 Kpsia for 500 micron coated fibers.

11. Fiber attenuation coefficient within range of:

a. 2.8 to 3.5 dB/Km @ 850 nm.
b. 0.8 to 1.5 dB/Km @ 1,300 nm.

12. All attenuation tested per EIA 455-46 (cutback method).
13. No localized attenuation greater than 0.2 dB per EIA 455-59.
14. Band width 160 MHz-Km at 850 nm and 500 MHz-Km at 1,300 nm per EIA 455-51 (pulse

distortion) or EIA 455-30 (baseband frequency response).
15. Numerical aperture 0.275 ±0.015 at 850 nm (EIA 455-47).
16. Chromatic dispersion zero wavelength between 1,332 nm and 1,354 nm.  Zero dispersion slope

less than 0.097 ps/nm-Km and tested per EIA 455-168.
17. All terminations on fiber of industry standard type ST.
18. All connections that are metallic in nature shall be corrosion proof and will withstand minimum

of 0.75 microns of corrosion per year.
19. Fiber cable shall contain minimum of 4 pair of fibers.  Terminate fibers with Type ST connectors,

seal unused fibers for later access.
20. Fiber cable run outdoors between buildings shall be of gel packed variety to preclude moisture

penetration and seepage.
21. Fiber run in wire tray shall be aerial conformant and armor-interlocked shield fiber with

interconnect fire blocks in armor.
22. Interlocked armored cable shall meet or exceed NEC Article 333 and 334.
23. Fiber optic cables may not be bent more than 10 times the diameter of the bundle.

2.02 CONNECTORS AND SPLICES

   A. Underwriters Laboratories (UL)-listed factory-fabricated wiring connectors of size, ampacity rating,
material, and type and class for application and for service indicated.

   B. Select to comply with Project's installation requirements and as required to meet application.

   C. Conductors No. 10 AWG and Smaller:  3M Electric Products, Skotchlok, or equal preinsulated spring
connector.  Comply with manufacturer's packaging requirements for number, size, and combination of
conductors.

   D. Conductors No. 8 AWG and Larger:  Bronze 2-bolt type connectors with spacer.

2.03 TERMINATIONS

   A. Power Conductors:  Compression crimp type lugs.

   B. Control and Instrumentation Conductors:  Compression crimp type fork tongue, insulated support type
lugs on terminal strips.  Do not splice.
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PART 3 EXECUTION

3.01 INSTALLATION

   A. Install wires and cables as indicated, according to manufacturer's written instructions and NECA
"Standard of Installation".

   B. Run wire and cable in conduit unless otherwise indicated on Drawings.  Pull conductors into raceway
simultaneously where more than 1 is being installed in same raceway.

1. Use pulling compound or lubricant where necessary; compound used must not deteriorate
conductor or insulation.

2. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will
not damage cables or raceway.

3. Do not draw conductor into conduits until building is enclosed, watertight, and work causing
cable damage has been completed.

   C. Install cable supports for vertical feeders in accordance with NEC.  Provide split wedge type which
firmly clamps each individual cable and tightens due to cable weight.

   D. For panelboards, cabinets, wireways, switches, and equipment assemblies, neatly form, train, and tie
cables in individual circuits.

   E. Seal cable and wire entering building from underground between wire and conduit, where cable exits
conduit, with nonhardening approved compound.

   F. Install wire and cables in separate raceway systems as follows:

1. Exit lights.
2. ac Control.
3. dc control.
4. Shielded instrumentation.
5. Telephone cables.
6. Fire alarm system.
7. As required by NEC.

   G. Where control or instrumentation cables are run in underground conduit and ducts provide multi-wire
cable assemblies.

   H. Where power cables and instrument/signal cables enter and pass through same handhole or distribution
box, steel barrier or separate raceways shall continue through box handhole to avoid magnetic
interaction between power cables and instrumentation conductors.  In handholes, provide Type C
raceway outlet body with 3/16 in. holes drilled in bottom for drainage.

   I. Do not run instrumentation cables into control cabinets or MCC unless cables are terminated in cabinet
or MCC.

   J. Wiring at Outlets:  Install with at least 12 in. (300 mm) of slack conductor at each outlet.

   K. Connect outlets and components to wiring and to ground as indicated and instructed by manufacturer. 
Tighten connectors and terminals, including screws and bolts, according to equipment manufacturer's
published torque-tightening values for equipment connectors.  Where manufacturer's torquing
requirements are not indicated, tighten connectors and terminals according to tightening torques
specified in UL 486A.
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L. Drawings do not designate number of conductors in conduit nor does location of branch circuits and
switch legs indicated on Drawings designate location or routing.  Route branch circuits and switch legs
as dictated by construction and these Specifications.

   M. Fiber Optic Cable Installation:

1. Do not exceed cable manufacturers minimum bend radius under tension or final installation.
2. Cable tension:

a. Do not exceed cable manufacturers maximum tensile rating during cable installation.
b. No residual tension shall remain on cable after installation except that which is due to

cable's weight in vertical rise.
c. Cable tension shall be monitored during installation if winch is used for installation.  Hand

pulls do not require monitoring.

3. Vertical Rises:

a. Secure vertical cable at top of run.
b. Attachment point shall comply with cable's minimum bend radius.
c. Provide intermediate support when manufacturer specified maximum cable rise has been

reached.

4. Cable Splicing and Termination:

a. Use of splices shall not cause attenuation of signal exceeding allowable attenuation budget. 
Maximum allowable attenuation figures 3.0 to 4.0 dB/Km @ 850 nm and 1.0 to 2.0 dB/Km
@ 1,300 nm.  Include cable length, connectors, splices in attenuation calculations.  Do not
exceed 0.3 dB attenuation per splice.

b. Terminate and seal unused fibers within cable.  Cut and polish fiber ends prior to insertion
in terminating hood.

c. Make no splices within conduit or ductbanks.  Make splices within pullboxes or process
control system equipment enclosures.

d. Install LAN with minimum number of splices.

     N. Cable Marking:

1. Thickwire, thinwire, and fiber optic cable shall be marked with white athletic tape every 5 meters.

a. Distance from beginning of cable shall be written on white marker.
b. Distance markers shall be referenced on LAN diagrams.

2. Thickwire, thinwire, and fiber optic cable shall be marked with colored label near each distance
marker.

a. Each cable shall have unique color.
b. Cable number shall be written on marker.
c. LAN diagram shall reference cable color and number.

3.02 TERMINATIONS AND SPLICES

   A. Terminate control, instrumentation, and communication cables on terminal strips in separate terminal
cabinets  or as shown on Drawings.
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  B. Power Cable Splices:  Keep to minimum.

1. Install splices and taps that possess equivalent or better mechanical strength and insulation
ratings than conductors being spliced.

2. Use splice and tap connectors that are compatible with conductor material.
3. Where preinsulated spring connectors are used for equipment connections, tape connector to wire

to prevent loosening under vibration.
4. Each tap, joint or splice in conductors No. 8 AWG and larger shall be taped with two half-lap

layers of vinyl plastic electrical tape and finish wrap of color coding tape where required by code.
5. Cable splices shall be made only in handholes, wireways, distribution boxes, and junction boxes.

   C. Power Cable Terminations:

1. Termination of wires with full compression type lugs installed with appropriate hand or hydraulic
tool.  Use proper dies to achieve the desired compression.

2. For screw type terminal blocks, terminations for stranded conductors shall be made with T & B
lock-on fork connector with insulated sleeves.

3. Motor lead conductor terminations shall be made with a T & B or approved equal, full
compression lug, full ring type, bolted, and taped as required.  For connecting motor lead to
service wiring fasten  full ring lugs together with cadmium plated steel cap screws, and cover with
a minimum of 2 layers 1/2 lap, 3M Scotch No. 33 tape; option:  T & B "Motor Stub Splice
Insulator".

3.03 CONTROL CIRCUITS

   A. Control circuit home runs from same area for the same system returning to same panel, (e.g., LCP, DPC,
etc.,) may be combined provided signal and voltage type are not mixed.

   B. Following types of home runs shall not be combined with other types:

1. 4-20 ma dc analog;  Type 2 shielded cable.
2. 24 vdc discrete (e.g., field or LCP powered dry contacts).

3.04 BRANCH CIRCUITS

   A. Motor branch circuits and branch circuits for 3 phase circuits shall not be combined.

   B. Branch circuits for single phase equipment devices from same LP or PP may be combined provided that
such combining does not result in having to derate ampacity of conductors.

3.05 FEEDERS:

   A. Extend feeders at full capacity from origin to termination.

   B. Each conduit raceway shall contain only those conductors constituting single feeder circuit.

   C. Where multiple raceways are used for single feeder, each raceway shall contain conductor of each phase
and neutral if used.

   D. Where feeder conductors run in parallel, conductors shall be of same length, material, circular-mil area,
insulation type, and terminated in same manner.

   E. Where parallel feeder conductors run in separate raceways, raceways shall have same physical
characteristics.
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   F. Confine feeders to insulated portions of building unless otherwise shown.

   G. On network systems, neutral shall be run with phase wires.  Unbalanced neutral current shall not exceed
normal or derated conductor capacity.

3.06 MOTORS AND EQUIPMENT WIRING

   A. Provide motor circuits in accordance with diagrams and schedules on Drawings and code requirements,
from source of supply to associated motor starter and starter to motor terminal box, including necessary
and required intermediate connections.

   B. Do not include associated control conductors in same conduit with power conductors.

   C. Provide branch circuits to conform with NEC requirements and nameplate ratings.  CONTRACTOR
responsible for verification of ratings of motors and installing proper branch circuits.

3.07 COLOR CODING

   A.  Conductors for Lighting and Power Wiring:

Phase 240-208/120 v 480/277 v

A Black Brown

B Red Orange

C Blue Yellow

Travelers Pink Purple

Neutral White White with non Green stripe

Ground Green Green

   B. Colored pressure-sensitive plastic tape.

1. Apply in half overlapping turns for minimum of three inches at terminal points, and in junction
boxes, pull boxes, troughs, and handholes.

2. 3/4 in. wide with colors as specified.
3. Apply last two laps of tape with no tension to prevent possible unwinding.
4. Where cable markings are covered by tape, apply tags to cable stating size and insulation type.

   C. For modifications and additions to existing wiring systems, color coding shall conform to existing wiring
system.

   D. Color code for insulated power system wiring shall be in accordance with NEC.

   E. Color code for intrinsically safe systems shall be light blue.

3.08 CONTROL, COMMUNICATION AND SIGNAL SYSTEM IDENTIFICATION

   A. Install permanent wire marker at termination.

   B. Identifying numbers and letters on wire markers shall correspond to those on terminal blocks or wiring
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diagrams used for installing systems.

   C. Plastic sleeve or self adhesive vinyl  cloth.

   D. In each handhole, install embossed brass tags to identify system served and function.

   E. Comply with Section 16195.

3.09 FEEDER IDENTIFICATION

   A. Handholes, pullboxes, and junction boxes, install metal tags on circuit cables and wires to clearly
designate circuit identification and voltage.

   B. Provide tags of embossed brass type, in handholes showing cable type and voltage rating.  Attach tags to
cables with slip-free plastic cable lacing units.

   C. Comply with Section 16195.

3.10 DIRECT BURIAL

   A. Direct buried cable shall not be used.

3.11 INSTALLATION IN HANDHOLES

   A. Install and support cable in handholes on steel racks with porcelain or equal insulators.  Train cables
around walls, but do not bend to radius less than 6 times overall cable diameter.

   B. Electrical Tests:

1. Where low voltage cables are installed in same handholes with high voltage cables, cover low
voltage cable with arcproof fireproof tape.

2. Use same type as for high voltage cables, applied in single layer, one-half lapped or as
recommended by manufacturer.  Extend not less than 1 in. into each duct.

3. Secure tape in place with random wrap of glass cloth tape.

3.12 FIELD QUALITY CONTROL

   A. Visual and Mechanical Inspection:

1. Inspect cables for physical damage and proper connection in accordance with single-line diagram.
2. Test cable mechanical connections to manufacturer's recommended values using calibrated torque

wrench.
3. Check cable color coding with specifications and NEC standards.

   B. Electrical Tests:

1. Perform insulation-resistance test on each conductor with respect to ground and adjacent
conductors.  Applied potential shall be 1000 volts dc for 1 min.

2. Perform continuity test to insure proper cable connection.

   C. Test Values:

1. Evaluation results by comparison with cables of same length and type.  Investigate any  value less
than 50 megohms.
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* * * END OF SECTION * * *
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SECTION 16124
MEDIUM VOLTAGE CABLE

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Single and multiple conductor cables and splices, terminations, and accessories for 2,001- to
35,000-v electrical distribution systems.

1.02 SUBMITTALS

   A. Product Data:

1. Cables and cable accessories descriptions and detailed specifications.
2. Terminations.

   B. Test Results:

1. Certified reports of manufacturers' factory production and final tests indicating compliance of
cable and accessories with referenced standards.

2. Certified reports of field tests and observations.

   C. Operations and Maintenance Data:

1. Maintenance data for cables and accessories.
2. Manufacturer's written instructions for periodic tests of cables in service.

   D. Submit in accordance with Section 01300.

1.03 QUALITY ASSURANCE

   A. Installer Qualifications:  Engage experienced Installer of medium- voltage electrical cable to perform
installation specified in this section.  In addition, for specific work of cable splicing and terminating,
engage Installers who are experienced in cable splices for specific types of cable and cable accessories
specified in this Section.

   B. Manufacturers Qualification:

1. At least 20 yrs service record for EPR insulation system development and in-house mixing.
2. Manufacture under Quality Assurance System modeled after Appendix B of Federal Register

10 CFR 50 and ANSI N45.2.

   C. Items provided under this section shall be listed and labeled by UL or other Nationally Recognized
Testing Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
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   D. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

2. IEEE Compliance:  Comply with applicable IEEE standards including C2 "National Electrical
Safety Code."

1.04 DELIVERY, STORAGE, AND HANDLING

   A. Deliver medium-voltage cable on factory reels conforming to NEMA Standard WC 26.

   B. Store cables on reels on elevated platforms in clean, dry location.

PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Cable:

1. Kerite Co.
2. Okonite Co.
3. Pirelli Cable Corp.
4. Cablec Continental Cables Co.

   B. Cable Terminating Products and Accessories:

1. Adelet-PLM
2. Electrical Products Division 3M.
3. G&W Electric Co.
4. The Kerite Co.
5. Raychem Corp.
6. RTE Components.

2.02 MEDIUM-VOLTAGE CABLE

   A. General:  Cable shall be single-conductor types, with types and sizes as indicated, and conforming to UL
Standard 1072.

   B. Cable:  Ethylene propylene rubber (EPR) insulated and shall conform to NEMA Standard WC 8
(ICEA S-68-516).

   C. Conductors:  Class B stranded conforming to ASTM-B8, coated or uncoated annealed copper.

   D. Strand Screen:  Energy suppression layer concentrically extruded over stranded conductor complying
with ICEA Standard S-68-516.

   E. Insulation:  Type ethylene propylene rubber (EPR) with insulation thickness corresponding to 133%
insulation level in accordance with referenced standard.

   F. Insulation Screen:  Outer energy suppression layer concentrically extruded directly over insulation
complying with ICEA standard S-68-516.
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   G. Metallic Shielding:  Copper shielding tape, helically applied over semiconducting insulation shield or
evenly spaced solid copper wires applied concentrically over semiconducting conductor shielding.

   H. Jacket:  Black polyvinyl chloride (PVC) outer jacket.

   I. Phase Identification:  Color coded black, red, and blue field-applied colored vinyl tape on outer jacket.

   J. Cable Voltage Rating:  15 kV phase to phase.

   K. Cable Temperature Rating:

1. 90 degree C normal operation.
2. 130 degree C emergency operation.
3. 250 degree C short circuit conditions.

2.03 TERMINATING PRODUCTS

   A. Comply with following standards:

1. IEEE 48
2. IEEE 400
3. IEEE 404
4. IEEE 592
5. UL 486A

   B. Types:  Compatible with cable materials.

   C. Connectors:  Compression type as recommended by cable manufacturer.

   D. Terminating Kits:  As recommended by manufacturer in writing for specific sizes, ratings, and
configurations of cable conductor, and terminations specified.  Kits shall contain components required
for complete splice including detailed instructions and shall be product of single manufacturer. 
Completed  terminations shall provide insulation equivalent to insulation class of cable it connects.

   E. Conductor Terminations, General:

1. Comply with class of IEEE Standard 48 indicated.
2. Insulation class shall be equivalent to that of cable upon which they are installed. Terminations

for shielded cables shall include shield grounding strap.  Cable terminations shall include
effective moisture seal for end of insulation whether or not this item is included in termination
kits. Seal shall be cold shrink rubber sleeve, or heat shrink plastic sleeve as recommended by kit
manufacturer. Termination kits shall be performance tested for compliance with IEEE
Standard 48 and shall be of following types:

3. Class 1 Termination for Outdoor Shielded Cable:  Modular type, furnished as kit, with
stress-relieving shield terminator; multiple wet process porcelain, slip-on type, prefilled with
insulating dielectric; shield ground strap and compression-type connector.

  F. Separable Insulated Connectors:  Modular system, complying with IEEE Standard 386.  System shall
consist of disconnecting, single- pole, cable terminators and matching stationary, plug-in, dead-front
terminals.  System components shall be designed for system voltage and for sealing against moisture and
shall conform to following:
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1. Cable Terminations At Equipment (such as transformers):  Elbow-type terminators that mate with
bushing terminals in equipment.

2. Dead-Break Cable Terminators:  Elbow-type unit with 600 amp continuous current rating,
designed for deenergized disconnecting and connecting.  Each terminator shall be coordinated
with insulation diameter and conductor size and material of cable being terminated.  Terminator
body shall have capacitively coupled test point.

3. Dead-Front Terminal Junctions:  Modular bracket-mounted groups of dead-front stationary
terminals that mate and match with above cable terminators.  Terminal junctions shall have 2, 3,
or 4 terminal units as indicated, with fully rated, insulated, watertight conductor connection
between terminals.  Terminal junctions shall have grounding lug and manufacturer's standard
accessory stands and stainless steel mounting brackets and attaching hardware.

4. Portable Feed-Through Accessory:  2 terminal dead-front junction arranged for removable
mounting on accessory stand of stationary terminal junction.

5. Grounding kit shall include jumpered elbows, portable feed- through accessory units, protective
caps, test rods suitable for concurrently grounding 3 phases of feeders, and carrying case.

6. Standoff Insulator:  Portable, single dead-front terminal for removable mounting on accessory
stand of stationary terminal junction.  Insulators shall be suitable for fully insulated isolation of
energized cable elbow terminator.

PART 3 EXECUTION

3.01 EXAMINATION

   A. Examine raceways and other cable installation locations for cleanliness of raceways, minimum bending
radii of cables, and conditions affecting performance of cable.  Pull mandrel through raceways to check
for suitable conditions.  Do not proceed with cable installation until unsatisfactory conditions have been
corrected.

3.02 INSTALLATION, GENERAL

   A. Install cable accessory items in accordance with manufacturer's written instructions and as indicated.

3.03 INSTALLATION OF CABLES

   A. Pull conductors simultaneously where more than 1 cable is indicated in same raceway. Use UL-listed and
manufacturer-approved pulling compound or lubricant where necessary.  Do not exceed manufacturer's
recommended maximum pulling tensions and sidewall pressure values.

   B. Use pulling means including, fish tape, cable, rope, and basket weave wire/cable grips that will not
damage cables or raceways.  Do not use rope hitches for pulling attachment to cable.

 3.04 INSTALLATION OF SPLICES

   A. Do not splice cable.

3.05 INSTALLATION OF TERMINATIONS

   A. Install terminations at ends of conductors and seal multiconductor cable ends with standard kits. 
Conform to manufacturer's written instructions.  Comply with classes of terminations indicated.
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   B. Tighten electrical connectors and terminals in accordance with manufacturer's published torque
tightening values.  Where manufacturer's torquing requirements are not indicated, tighten connectors
and terminals to comply with tightening torques specified in UL 486A and UL 486B.

3.06 INSTALLATION OF SEPARABLE INSULATED CONNECTORS

   A. Install separable insulated connector components where indicated in accordance with manufacturer's
written instructions.

   B. Quantities:  Provide following quantities of components:

1. Protective Cap:  1 installed on each spare terminal of each terminal junction.  (Spare terminal
unit is defined as one to which no feeder is indicated to be connected.)

2. Portable Feed-Through Accessory:  3.
3. Standoff Insulator:  3.

3.07 GROUNDING

   A. Ground shields of shielded cable at terminations and separable insulated connectors.  Ground metal
bodies of terminators, splices, cable and separable insulated connector fittings, and hardware in
accordance with manufacturer's written instructions.

3.08 IDENTIFICATION

A. Identify cable in accordance with Section 16195.

3.09 CABLES (OVER 600 v)

   A. Visual and Mechanical Inspections:

1. Inspect exposed sections for physical damage.
2. Verify equipment supplied and connected in accordance with Specifications.
3. Inspect for shield grounding, cable support, and termination.
4. Visible cable bends shall be checked against IPCEA or manufacturer's minimum allowable

bending radius.
5. Inspect for proper fireproofing in common cable areas.

   B. Electrical Tests:

1. Perform dc hypotential test.

a. Each conductor shall be individually tested with other conductors grounded.  Shields shall
be grounded.

b. Terminations shall be properly corona suppressed by guard ring, field reduction sphere or
other suitable methods.

c. dc hypotential shall be applied in at least 8 equal increments until maximum test voltage
reached.  dc leakage current shall be recorded at each step after constant stabilization time
consistent with system charging current decay.

d. Graphic plot shall be made of leakage current versus voltage at each increment.
e. Test conductor shall be raised to maximum test voltage and held for total of 10 min. 

Readings of leakage current (Y axis) versus time (X axis) shall be recorded and plotted on
30 sec intervals for first 2 min and every min thereafter.

f. Conductor test potential shall be reduced to zero and grounds applied for at least 10 min.
g. Maximum test voltage shall be in accordance with manufacturer's specifications.
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2. Perform shield continuity test by ohm meter method.  Ohmic value shall be recorded.

   C. Test Values:

1. dc Hypotential Test Results:

a. Step voltage slope shall be reasonably linear.
b. Absorption slope shall be flat or negative.  Slope shall not exhibit positive characteristics.

2. Shield continuity test shall exhibit circuit continuity of shield and conductor.

* * * END OF SECTION * * *
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SECTION 16128
ELECTRIC PIPE TRACING

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Self-regulating heat tapes and control equipment.
2. Provide electrical heat trace system as part of piping and insulation system furnished under other

sections.

1.02 SYSTEM DESCRIPTION

   A. Design Requirements:

1. Provide pipe tracing cable system capable of maintaining pipe contents at temperature of 40°F
when outside ambient temperature is 16°F with 20 mph wind.

1.03 SUBMITTALS

   A. Product Data:

1. Manufacturer's product data sheets.

   B. Shop Drawings:

1. Show isometric layout of pipe tracing cables over piping layout.
2. Include installation details and connection diagrams sufficient to install pipe tracing cable system.

   C. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Regulatory Requirements:

1. National Electrical Code:  Components and installation shall comply with NFPA 70.

PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Chemelex, Division of Raychem Corporation.

   B. Nelson Electric, Division of General Signal.
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   C. Or equal.

2.02 CABLE DESIGN

   A. Voltage:  120 v, 60 Hz, 1-ph as shown on Drawings for electrical connection.

   B. Parallel design, current flow across cable.

   C. Heat output/ft constant, independent of length.

   D. Capable of overlapping without creation of hot spots.

   E. Cut to any length in field.

   F. Self-regulating heat output.

   G. Braided metallic shield.

   H. Outer plastic jacket.

2.03 CONTROLS

   A. Thermostatic ambient sensing control on each tape set at 40°F.

1. Provide non-adjustable thermostats, calibrated and tested at factory to operate pipe heating system
when temperature of pipe drops to 40°F.

2. Provide non-adjustable thermostats, calibrated and tested at factory to close alarm contacts when
temperature of pipe drops to 35°F at coldest location.

3. Thermostats to have repeatability and maximum temperature differential of 2°F.
4. Provide thermostats with NEMA 4 enclosures or as required to suit environment.

   B. Provide proper fittings and appurtenances for field connection of system to conduit and wiring without
need for procurement of special fittings or wiring devices.

PART 3 EXECUTION

3.01 EXAMINATION

   A. Examine areas and conditions under which pipe tracing cables to be installed and notify
CONTRACTING OFFICER, in writing, of conditions detrimental to proper and timely completion of
Work.

3.02 INSTALLATION

   A. Install in accordance with manufacturer's written instructions.

   B. Coordinate circuit connection points and voltages with Drawings.

C. Apply "electrical traced" signs to outside of thermal insulation.

   D. Provide Class B, GFCI circuit breaker in panelboard for heat trace branch circuits.

3.03 FIELD QUALITY CONTROL
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   A. Examine material for defects prior to installation.
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   B. Examine final installation for damage and defects in workmanship prior to startup and installation of
insulation.

   C. Prior to installation of insulation, start pipe tracing system and check for temperature increase over full
length of each tracing cable.

* * * END OF SECTION * * *



020499 16135-1 WRALC/EMQ - 202858

SECTION 16135
UNDERGROUND DUCTS AND HANDHOLES

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Ducts.
2. Duct banks.
3. Handholes.

1.02 DEFINITIONS

   A. Duct:  General term for electrical conduit and other raceway, either metallic or nonmetallic, specified
for use underground, embedded in earth or concrete.

   B. Duct Bank:  Group of two or more ducts in continuous run between two points.

   C. Underfloor Conduits.

1. Conduits which run underground within perimeter of building walls under building floor.  This
may consist of one conduit, or several conduits grouped together.

   D. Duct Bank Conduits

1. Conduits which run under ground outside perimeter of building walls.  This may consist of 1
conduit, or several conduits grouped together.

   E. Underground Conduits

1. Underground conduits are both underfloor conduits and duct bank conduits.

   F. Handhole:  Below-the-surface enclosure in connection with ducts into which people reach, but do not
enter, for purpose of installing, operating, or maintaining equipment or wiring.

1.03 SUBMITTALS

   A. Submittals are not required if CONTRACTOR supplies materials or equipment of specified or named
manufacturers.  If CONTRACTOR proposes substitutions to material or equipment of specified or
named manufacturers, submittals identified below are required.

1. Product data.
2. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized
Testing Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
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   B. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

1.05 SEQUENCING AND SCHEDULING

   A. Coordination of Work:

1. Coordinate layout and installation of handholes with final arrangement of ducts as influenced by
actual final location of other utilities in field.

2. Coordinate elevations of duct and raceway entrances into handholes with final profiles of ducts
and raceways as determined by coordination with other utilities, underground obstructions, and
buildings.

3. Establish locations and elevations to suit field conditions and assure duct runs drain to handholes,
or as shown on Drawings.

PART 2 PRODUCTS

2.01 DUCTS AND FITTINGS

   A. Conform to Section 16136.

2.02 CAST-IN-PLACE CONCRETE

   A. Conform to Section 03300 for concrete and Section 03200 for reinforcing.

   B. Aggregate For Duct Encasement:  3/8-in. maximum size.

   C. Strength:  3,000 psi minimum 28-day compressive strength.

2.03 DUCT BANK ACCESSORIES

   A. Duct Supports:  Rigid PVC spacers selected to provide minimum duct spacings and concrete cover
depths indicated, while rigidly supporting ducts during concreting.

2.04 PRECAST HANDHOLES

   A. Size and type as indicated on Drawings.

   B. Interlocking, mating sections with feature:  as indicated on drawings including knockout panels for
conduit entrance.

2.05 HANDHOLE HARDWARE AND ACCESSORIES

   A. Frames and Covers:  Cast iron conforming to ANSI C2, Rule 323.  Furnish with cast-in legend,
"Electric" or "Signal" as appropriate.  Cover-to-frame bearing surfaces machined.

   B. Pulling Eyes in Walls:  Eyebolt with rebar fastening insert.  2-in. dia eye, 1-in. by 4-in. long bolt.
Working load embedded in 6-in., 4,000 psi concrete:  13,000 lbs minimum tension.
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   C. Pulling and Lifting Irons in Floor:  7/8-in. dia hot-dipped galvanized, bent steel rod, stress relieved after
forming, and fastened to reinforced rod.  Exposed triangular shaped opening.  Ultimate yield strength,
40,000 lbs shear, 60,000 lbs tension.

   D. Bolting Inserts for Cable Stanchions:  Flared, threaded inserts of noncorrosive, chemical resistant,
nonconductive thermoplastic material.  ½-in. internal dia by 2-3/4 in. deep, flared to 1-1/4-in. minimum
at base.  Tested ultimate pull-out strength:  12,000 lbs, minimum.

   E. Expansion Anchors for Installation After Concrete is Cast:  Zinc-plated carbon steel wedge type with
stainless steel expander clip ½-in. bolt size, 5,300-lb rated pull-out strength, and 6,800-lb rated shear
strength, minimum.

   F. Cable Stanchions:  Hot-rolled, hot-dipped galvanized "T" section steel, 2-1/4-in. size, punched with
14 holes on 1-1/2-in. centers for cable arm attachment.

   G. Cable Arms:  3/16-ga hot-rolled, hot-dipped galvanized sheet steel pressed to channel shape,
approximately two 12-in. wide by 14-in. long and arranged for secure mounting in horizontal position at
any position on cable stanchions.

   H. Cable Support Insulators:  High glaze, wet process porcelain arranged for mounting on cable arms.

2.06 RACEWAY/DUCT SEALING COMPOUND

   A. Compound:

1. Nonhardening, putty-like consistency workable at temperatures as low as 35 F.
2. Compound shall not slump at temperature of 300 F and shall readily adhere to clean surfaces of

plastic ducts, metallic conduits, conduit coatings, concrete, masonry, lead, cable sheaths, cable
jackets, insulation materials, and common metals.

PART 3 EXECUTION

3.01 WIRING METHOD

   A. General:  Install ducts for wiring runs indicated.  Provide sizes as indicated.

   B. Single Duct Runs:  Rigid nonmetallic conduit, Schedule 40, direct buried in earth, unless otherwise
indicated.

C. Duct Banks:  Rigid nonmetallic conduit, Schedule 40, encased in concrete, unless otherwise indicated.

3.02 EXCAVATION AND BACKFILL

   A. Conform to Section 02221 except as modified below:

1. Do not use heavy-duty, hydraulic-operated compaction equipment.
2. Excavation:  Cut trenches neatly and uniformly, and slope uniformly to required pitch.
3. For direct-buried, nonencased ducts prepare trench bottoms free from stones, soft spots, and

sharp objects.  Where necessary, add 3-in. layer of stone-free sand or earth to trench bottom and
compact to density of adjacent undisturbed soil to provide suitable bearing for ducts.  Backfill
over and around ducts on bottom of trench with stone-free sand or earth to 6 in. minimum above
tops of ducts and compact by hand or pneumatic tamper to density of adjacent undisturbed earth.
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4. For each additional layer of direct-buried ducts above bottom ducts,  backfill over and around
each layer of ducts with stone-free sand or earth to 12 in. minimum above tops of ducts and
compact by hand or pneumatically to density of adjacent undisturbed earth.

5. Separation Between Direct-Buried, Nonencased Ducts:  3 in. minimum for like services, and
6 in. minimum between power and signal ducts.

3.03 INSTALLATION OF DUCTS

   A. Slope:  Pitch ducts to drain towards handholes and away from buildings and equipment unless otherwise
shown on Drawings.  Minimum slope shall be 4 in in 100 ft.  Where necessary to achieve this between
handholes, slope ducts from high point in run to drain in both directions.

   B. Curves and Bends:  Use manufactured elbows for stub-ups at equipment and at building entrances.  For
other curves and bends, except as otherwise indicated, use manufactured long sweep bends with
minimum radius of 25 ft. in both horizontal and vertical directions.

   C. Make joints in ducts and fittings watertight in accordance with manufacturer's instructions.  Stagger
couplings so those of adjacent ducts do not lie in same plane.

   D. Duct Entrances to Handholes:  End bells spaced approximately 10 in. center to center for 5-in. ducts and
varied proportionately for other duct sizes.  Change from regular spacing to end bell spacing shall start
10 ft. from end bell and shall be made without reducing duct line slope and without forming trap in line.
Grout end bells into handhole walls from both sides to provide watertight entrances.  Provide
groundable end bushings on metal ducts and connect to system grounding conductor.

   E. Duct Entrances to Buildings:  Transformations from underground PVC duct to steel conduit shall be
made 10 ft. minimum, outside building wall and shall use fittings manufactured for purpose.  Install in
accordance with following:

1. Concrete-Encased Ducts:  Install reinforcing in duct banks through disturbed earth near buildings
and excavations and coordinate duct bank with structural design at wall so duct bank is supported
at wall without reducing structural or watertight integrity.

2. Direct-Buried, Nonencased Duct Entering Nonwaterproofed Walls:  Install Schedule 40
galvanized steel pipe sleeve for each duct.  Caulk space between conduit and sleeve with duct
sealing compound on both sides for moisture-tight seal.

3. Waterproof Entrances:  Where ducts enter buildings through  waterproofed floor or wall,
watertight entrance-sealing device shall be installed with sealing gland assembly on inside.
Anchor device securely into masonry construction with one or more integral flanges and
membrane waterproofing secured to device in permanently watertight manner.

   F. Concrete-Encased Ducts:  Support on plastic separators coordinated with duct size and required duct
spacing, and install in accordance with following:

1. Separator Installation:  Space separators close enough to prevent sagging and deforming of ducts,
and secure separators to earth and to ducts to prevent floating during concreting.  Do not use tie
wires or reinforcing steel in such way as to form conductive or magnetic loops around ducts or
duct groups.

2. Reinforcing:  Reinforce duct banks.  Size and arrange reinforcing steel as indicated on Drawings.
3. Concreting:  Spade concrete carefully during pours to prevent voids under and between conduits

and at exterior surface of envelope.  Do not use power-driven agitating equipment unless
specifically designed for duct bank application.  Pour each run of envelope between handholes or
other terminations in one continuous operation unless approved by CONTRACTING OFFICER.
Where more than one pour is necessary, terminate each pour in vertical plane and continue duct
bank reinforcing minimum of 18 in. beyond termination of pour.



020499 16135-5 WRALC/EMQ - 202858

4. Forms:  Walls of trench may be used to form side walls of duct bank provided soil is
self-supporting and concrete envelope can be poured without soil inclusions.  Use forms where
soil is not self-supporting.

5. Minimum Clearances:  3 in. between ducts and exterior envelope wall, 3 in. between ducts for
like services, and 6 in. between power and ducts for other systems.

6. Depth:  Except as otherwise indicated, top of duct bank shall be 24 in. below finished grade,
minimum, in nontraffic areas, and 30 in. below finished grade, minimum, in vehicular traffic
areas.

   G. Stub-ups:  Duct stub-ups to equipment shall be galvanized rigid steel.  For equipment mounted on
outdoor concrete pads, steel conduit shall extend minimum of 5 ft. away from edge of pad.  Install insu-
lated grounding bushings on terminations.  Couple steel conduits to ducts with adapters designed for
purpose and encased concrete.

   H. Sealing:  For ducts to be wired in this Project, provide temporary closure at terminations.  For spare
ducts, seal bore of ducts at terminations.  Use sealing compound and plugs as required to withstand
15 psi minimum hydrostatic pressure.

   I. Pulling Cord:  Provide 100-lb test nylon cord in ducts including spares.

   J. Marker Tape:  Provide plastic marker tape over ducts at 12 in. below finished grade.

3.04 INSTALLATION OF HANDHOLES, GENERAL

   A. General:

1. Provide handholes of sizes, shapes, and locations as indicated.
2. Determine final elevation of ducts as influenced by possible adjustments in other utilities and

surface features and discovery of underground obstructions before installing handholes.  Obtain
CONTRACTING OFFICER'S approval for handhole installation adjustments necessitated by
obstructions.

3. Install units plumb and level and with orientation and depth coordinated with arrangement of
connecting ducts to minimize bends and deflections required for proper entrances.

   B. Access:  Install access to handhole through cast-iron frame and cover. Use 30-in. cover for handholes,
except use 24-in. covers for 2-ft. by 2-ft. handholes.  Set frames in paved areas and traffic ways flush
with finished grade.  Set other frames 1-in. above finished grade.

   C. Hardware:  Install removable hardware including pulling eyes, cable stanchions, cable arms, and
insulators as required for installation and support of cable and conductors and as indicated.

   D. Field-Installed Bolting Anchors:  Do not drill deeper than 3-7/8 in. for anchor bolts installed in field.
Use minimum of 2 anchors for each cable stanchion.

3.05 INSTALLATION OF PRECAST HANDHOLES

   A. General:

1. Provide handholes of sizes, shapes, and locations as indicated.
2. Determine final elevation of ducts as influenced by possible adjustments in other utilities and

surface features and discovery of underground obstructions before installing handholes.  Obtain
CONTRACTING OFFICER'S approval for handhole installation adjustments necessitated by
obstructions.
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3. Install units plumb and level and with orientation and depth coordinated with arrangement of
connecting ducts to minimize bends and deflections required for proper entrances.

   B. Elevation:

1. Install handholes with depth as indicated.  Where indicated, cast handhole cover frame directly
into roof of handhole and set roof surface 1-in. above grade.

   C. Precast Handholes:

1. Install in accordance with ASTM C891 and manufacturer's instructions.
2. Support units on level bed of crushed stone or gravel, graded from 1-in. sieve to No. 4 sieve and

compacted to same density as adjacent undisturbed earth.

3.06 TESTING

   A. Field Quality Control:

1. Duct Integrity:  Rod ducts with mandrell 1/4-in. smaller in diameter than internal diameter of
ducts.  Where rodding indicates obstructions in ducts, remove obstructions and retest.

2. Water Tightness:  Make internal inspection of handholes three months after completion of
construction for indications of water ingress.  Where leakage is noted, remove water found and
seal leakage sources.  Reinspect after two months and reseal  remaining leakage sources.  Repeat
process at two month intervals until leakage is corrected.

3.07 CLEANING AND RESTORATION

   A. Clean Ducts:  Clean full length of ducts with round bristle brush with dia ½-in. greater than internal
diameter of duct.

   B. Clean Handholes:  Clean internal surfaces of handholes.  Remove foreign material.

3.08 RESTORATION

   A. Restore surface features at areas disturbed by excavation and reestablish original grades except as
otherwise indicated.

   B. Where sod has been removed, replace it as soon as possible after backfilling is completed.

   C. Restore all areas disturbed by trenching, storing of dirt, cable laying, and other work to their original
condition.

   D. Include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, or mulching.

   E. Restore disturbed paving as indicated.

* * *  END OF SECTION  * * *
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SECTION 16136
RACEWAYS

PART 1 GENERAL

1.01 SUMMARY

   A. Section includes:

1. Raceways:

a. Galvanized rigid steel conduit (GRS).
b. Polyvinyl chloride (PVC) externally coated galvanized rigid steel conduit (CGRS).
c. Flexible metal conduit (FMC).
d. Liquidtight flexible metal conduit (LFMC).
e. Rigid nonmetallic polyvinyl chloride conduit (PVC).
f. Wireway (WW).

1.02 DEFINITIONS

   A. Underfloor Conduits.

1. Conduits which run underground within perimeter of building walls under building floor.  This
may consist of one conduit, or several conduits grouped together.

   B. Duct Bank Conduits

1. Conduits which run under ground outside perimeter of building walls,  This may consist of one
conduit, or several conduits grouped together.

   C. Underground Conduits

1. Underground conduits are both underfloor conduits and duct bank conduits.

1.03 SUBMITTALS

   A. Submittals are not required if CONTRACTOR supplies materials or equipment of specified or named
manufacturers.  If CONTRACTOR proposes substitutions to material or equipment of specified or
named manufacturers, submittals identified below are required.

1. Product data.
2. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
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   B. Regulatory Requirements:

1. National Electrical Code:  Components and installation shall comply with NFPA 70.

   C. Comply with NECA "Standard of Installation."

PART 2 PRODUCTS

2.01 METAL CONDUIT AND TUBING

   A. Galvanized Rigid Steel Conduit:  ANSI C80.1.

   B. Plastic-Coated Steel Conduit and Fittings:  NEMA RN 1.

   C. Flexible Metal Conduit:  Zinc-coated steel.

   D. Liquidtight Flexible Metal Conduit:  Flexible steel conduit with PVC jacket.

2.02 NONMETALLIC CONDUIT

   A. Rigid Nonmetallic Polyvinyl Chloride (PVC) Conduit:  NEMA TC 2, Schedule 40or 80 PVC.

   B. PVC Conduit Fittings:  NEMA TC 3; match to conduit type and material.

2.03 FITTINGS

   A. Fittings for steel conduits:

1. Cast aluminum or malleable iron with galvanized finish.
2. Synthetic inserts for sealing or insulation as required.
3. Comply with ANSI C80.4.
4. Comply with NEMA FB 1, compatible with conduit materials.

   B. Conduit bodies:

1. Malleable iron with galvanized finish.

   C. Fittings for liquidtight flexible metal conduit.

1. Insulated throat type.
2. One piece sealing "O" rings with connectors when entering boxes or enclosures.

2.04 WIREWAYS

   A. Material:  Sheet metal sized and shaped as indicated.

   B. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-down
straps, end caps, and other fittings to match and mate with wireway as required for complete system.

   C. Select features where not otherwise indicated, as required to complete wiring system and to comply with
NEC.
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   D. Wireway Covers:

1. Hinged type for dry locations.
2. Bolted cover with gasket for wet locations.

   E. Finish:  Manufacturer's standard enamel finish unless other wise noted.

2.05 RACEWAY/DUCT SEALING COMPOUND

   A. Nonhardening, putty-like consistency workable at temperatures as low as 35 degree F.

   B. Compound shall not slump at temperature of 300 degree F and shall readily adhere to clean surfaces of
plastic ducts, metallic conduits, conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets,
insulation materials, and common metals.

PART 3 EXECUTION

3.01 EXAMINATION

   A. Examine surfaces to receive raceways, wireways, and fittings for compliance with installation tolerances
and other conditions affecting performance of raceway system.

   B. Coordinate layout and installation of raceway and boxes with other construction elements to ensure
adequate headroom, working clearance, and access.

3.02 WIRING METHODS

   A. Outdoors, Damp or Wet Locations:  Use following wiring methods unless otherwise noted on Drawings:

1. Exposed:  Galvanized rigid steel.
2. Concealed:  Galvanized rigid steel.
3. Underground Power, Single Run:  Rigid nonmetallic (PVC) conduit.

a. Concrete encased except for area lighting branch circuits or as otherwise noted on
Drawings.

4. Underground Power, Grouped:  Rigid nonmetallic (PVC) conduit.

a. Concrete encased.

5. Underground Shielded Instrumentation Cables, Single Run or Grouped:  Galvanized rigid steel.

a. Concrete encased where indicated.

6. Connection to Vibrating Equipment (including transformers and hydraulic, pneumatic, or electric
solenoid or motor-driven equipment):  Liquidtight flexible metal conduit.

   B. Indoor Dry Locations:  Use following wiring methods unless otherwise noted.

1. Connection to Vibrating Equipment (including transformers and hydraulic, pneumatic, or electric
solenoid or motor-driven equipment):  Flexible metal conduit.

2. Steel conduit.
3. Exposed:  Galvanized rigid steel conduit.
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4. Concealed:  Galvanized rigid steel conduit.

   C. Unless specifically indicated otherwise on Drawings, use galvanized rigid steel conduit for general
wiring.

1. Use 3/4 in. minimum size unless otherwise noted except conduit runs to room light switches may
be 1/2 in.

   D. Encase galvanized rigid steel conduits installed underground in at least 3 in. of concrete.  PVC coated
galvanized rigid steel conduits may be used underground without encasing in concrete.  PVC conduit
may be used without encasing in concrete for underfloor conduit or where specifically indicated on
Drawings.

1. Underground conduit shall be minimum of 1 in., buried at depth of not less than 24 in. below
grade.

2. Provide conduits or ducts terminating below grade with means to prevent entry of dirt and
moisture.

   E. In precast areas, run conduits in insulation space or in floor topping without crossing conduits, using
3/4 in. maximum conduit size.

   F. Raceways Embedded in Slabs:  Install in middle third of slab thickness where practical, and leave at
least 1 in. (25 mm) concrete cover.

1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete placement.
2. Space raceways laterally to prevent voids in concrete.
3. Run conduit larger than 1 in. trade size parallel to or at right angles to main reinforcement and

spaced on center of at least 3 times conduit trade dia. with minimum 2 in. concrete covering. 
Conduits over 1 in. may not be installed in slab without approval of CONTRACTING OFFICER.

4. When at right angles to reinforcement, place conduit close to slab support.
5. Conduits embedded in concrete frame shall comply with applicable provisions of ACI 318.

G. Install nonferrous conduit for circuits operating above 60 Hz.  Where aluminum raceway is installed for
such circuits and it passes through concrete, install in nonmetallic sleeve.

1. Do not install aluminum conduit embedded in or in contact with concrete.

3.03 INSTALLATION

   A. Conceal raceways by enclosing within finished walls, ceilings, and floors, unless otherwise indicated

   B. Provide watertight conduit system where installed in wet places, underground or where buried in
masonry or concrete.

1. Use threaded hubs when entering top of enclosures.
2. Use sealing type locknuts when entering sides or bottom of enclosures.

   C. Keep raceways at least 6 in. (150 mm) away from parallel runs of flues and steam or hot water pipes. 
Install horizontal raceway runs above water and steam piping.

   D. Install raceways level and square and at proper elevations.  Provide adequate headroom.

   E. Complete raceway installation before starting conductor installation.
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   F. Use temporary closures to prevent foreign matter from entering raceway.

   G. Run concealed raceways with minimum of bends in shortest practical distance considering type of
building construction and obstructions, except as otherwise indicated.

   H. Install exposed raceways parallel to or at right angles to nearby surfaces or structural members, and
follow surface contours as much as practical.

1. Mount exposed horizontal runs as high above floor as possible, and in no case lower than 7 ft
above floors, walkways, or platforms in passage areas.

2. Run parallel or banked raceways together, on common supports where practical.
3. Make bends in parallel or banked runs from same center line to make bends parallel.  Use factory

elbows only where they can be installed parallel; otherwise, provide field bends for parallel
raceways.

   I. Join raceways with fittings designed and approved for purpose and make joints tight.

1. Make raceway terminations tight.  Use bonding bushings or wedges at connections subject to
vibration.  Use bonding jumpers where joints cannot be made tight.

2. Use insulating bushings to protect conductors.

   J. Tighten set screws of threadless fittings with suitable tool.

  K. Terminations:  Where raceways are terminated with locknuts and bushings, align raceway to enter
squarely, and install the locknuts with dished part against the box.  Use two locknuts, one inside and one
outside the box.  Use insulating bushings.  Provide insulated grounding bushings to terminate ground
wire.

   L. Where terminating in threaded hubs, screw raceway or fitting tight into the hub so the end bears against
the wire protection shoulder.  Where chase nipples are used, align the raceway so the coupling is square
to box, and tighten chase nipple so no threads are exposed.

   M. Install pull wires in empty raceways.  Use monofilament plastic line having not less than 200 lb (90 kg)
tensile strength.  Leave not less than 12 in. (300 mm) of slack at each end of pull wire.

   N. Telephone and Signal System Raceways 2 in. Trade Size and Smaller:  In addition to above
requirements, install in maximum lengths of 150 ft (45 m) and with maximum of two 90E bends or
equivalent.  Install pull or junction boxes where necessary to comply with these requirements.

   O. PVC Externally Coated Galvanized Rigid Steel Conduit:  Use only fittings approved for use with that
material.  Patch nicks and scrapes in PVC coating after installing conduit.

3.04 CONDUIT STUB-UPS

   A. Protect stub-ups from damage where conduits rise through floor slabs.  Arrange so curved portion of
bends is not visible above finished slab.

   B. Transition under floor conduit to galvanized rigid steel conduit, before rising above floor.  Wrap with
plastic tape to provide 40 mil thick cover to height of 6 in. above floor.

   C. Stub-Up Connections:  Extend conduits for connection to freestanding equipment with an adjustable top
or coupling threaded inside for plugs, and set flush with finished floor.  Extend conductors to equipment
with rigid steel conduit; flexible metal conduit may be used starting at 6 in. (150 mm) above floor. 
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Where equipment connections are not made under this Contract, install screwdriver-operated threaded
flush plugs, flush with floor.

3.05 CONDUIT  BENDS

   A. Make bends and offsets so inside diameter is not reduced.  Unless otherwise indicated, keep legs of bend
in same plane and straight legs of offsets parallel.

   B. Provide NEMA standard conduit bends, except for conduits containing 15 kV cables.

   C. Provide large radius conduit bends for conduits containing 15 kV cables as follows:

Conduit Trade Size Bend Radius

2 in. - 2-1/2 in. 24 in.

3 in. - 4 in. 36 in.

5 in. - 4 in. 48 in.

1. Where physical limitations do not permit use of above, conduit bends with radius of at 8 times
diameter of largest cable passing through conduit may be used.

3.06 FLEXIBLE CONNECTIONS

   A. Use maximum of 6 ft (1830 mm) of flexible conduit for recessed and semirecessed lighting fixtures. 

   B. Terminate conduits at motor terminal boxes, motor operated valve stations or pipe-mounted instruments
and other equipment subject to vibration with maximum of 3 ft (915 mm) liquidtight flexible metal
conduit unless other wise indicated.

   C. Use liquidtight flexible conduit in wet or damp locations.

   D. Use approved flexible connections in hazardous locations.

   E. Install separate ground conductor inside flexible conduit connections.

3.07 FITTINGS

   A. Install raceway sealing fittings according to manufacturer's written instructions.  Locate fittings at
suitable, approved, accessible locations and fill them with UL-listed sealing compound.  For concealed
raceways, install each fitting in flush steel box with blank cover plate having finish similar to that of
adjacent plates or surfaces. Install raceway sealing fittings at following points and elsewhere as
indicated:

1. Where conduits enter or leave hazardous locations.
2. Where conduits pass from warm locations to cold locations, such as boundaries of refrigerated

spaces and air-conditioned spaces.
3. Where otherwise required by NEC.

   B. Use raceway fittings compatible with raceway and suitable for use and location.  For GRS , use threaded
galvanized rigid steel conduit fittings, except as otherwise indicated.
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   C. Install automatic breather drain fittings according to manufacturers written instructions.  Locate fittings
to drain conduit system and prevent condensate from entering device enclosures.  Install automatic
breather drain fittings at following points and elsewhere as indicated.

1. Where vertical seals are installed.
2. Low points in conduit system.
3. Below field instruments at junction of flexible and rigid conduit.
4. Where otherwise required by NEC.

   D. Install wall entrance seal as dictated by application where conduits pass through foundation walls below
grade.

   E. Install conduit expansion fittings complete with bonding jumper in following locations.

1. Conduit runs crossing structural expansion joint.
2. Conduit runs attached to 2 separate structures.
3. Conduit runs where movement perpendicular to axis of conduit may be encountered.

   F. Where conduit passes from inside of building to outdoors, it shall be firmly packed at fitting nearest wall
line with Johns-Manville Duxseal to depth of at least 1 in. after wires and cables are pulled in; or, if
conduit enters directly into equipment, it shall be fitted with seal and drain fitting to prevent water
entering equipment.

3.08 GROUNDING

   A. Ground in accordance with Section 16060.

   B. Provide grounding connections for raceway, boxes, and components as indicated and instructed by
manufacturer.  Tighten connectors and terminals, including screws and bolts, according to equipment
manufacturer's published torque-tightening values for equipment connectors.  Where manufacturer's
torquing requirements are not indicated, tighten connectors and terminals according to tightening
torques specified in UL 486A.

3.09 PROTECTION

   A. Provide final protection and maintain conditions, in manner acceptable to manufacturer and Installer, to
ensure that coatings, finishes, and cabinets are without damage or deterioration at Substantial
Completion.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
2. Repair damage to PVC or paint finishes with matching touch-up coating recommended by

manufacturer.

3.10 CLEANING

   A. Upon completion of installation of system, including outlet fittings and devices, inspect exposed finish. 
Remove burrs, dirt, and construction debris and repair damaged finish, including chips, scratches, and
abrasions.

* * * END OF SECTION * * *
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SECTION 16140
WIRING DEVICES

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Receptacles, connectors, switches, and finish plates.

1.02 DEFINITIONS

   A. GFCI:  Ground-fault circuit interrupter.

1.03 SUBMITTALS

   A. Submittals are not required if one of named manufacturers is furnished.  If named manufacturer is not
furnished submit Product Data and Samples.

   B. Product Data: 

1. For each product specified.

   C. Samples: 

1. For devices and device plates for color selection and evaluation of technical features.

   D. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Term "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

   C. Comply with NEMA WD 1.

PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Wiring Devices:

1. Bryant Electric, Inc.
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2. GE Company; GE Wiring Devices.
3. Hubbell, Inc.; Wiring Devices Div.
4. Killark Electric Manufacturing Co.
5. Pass & Seymour/Legrand; Wiring Devices Div.
6. Pyle-National, Inc.; an Amphenol Co.

   B. Wiring Devices for Hazardous (Classified) Locations:

1. Crouse-Hinds Electrical Co.; Distribution Equipment Div.
2. Killark Electric Manufacturing Co.
3. Pyle-National, Inc.; an Amphenol Co.

2.02 RECEPTACLES

   A. Straight Blade and Locking Receptacles:  Heavy Duty specification grade.

   B. GFCI Receptacles:  Termination type, with integral NEMA WD 6, Configuration 5-20R duplex
receptacle.  Design units for installation in  2-3/4 in.  (70 mm) deep outlet box without an adapter.

   C. Isolated Ground Receptacles:  Equipment grounding contacts connected only to green grounding screw
terminal of device with inherent electrical isolation from mounting strap.

1. Devices:  Listed and labeled as isolated ground receptacles.
2. Isolation Method:  Integral to receptacle construction and not dependent on removable parts.

   D. Industrial Heavy Duty Receptacle:  Comply with IEC 309-1.

   E. Color:  White unless otherwise indicated or required by Code.

2.05 SWITCHES

   A. Snap Switches:  Heavy duty, quiet type.

   B. Telephone Jack:  4-position, modular, latching-plug type, flush in face of wall plated.

   C. Color:  White unless otherwise indicated or required by Code.

2.06 WALL PLATES

   A. Single and combination types match corresponding wiring devices.

1. Plate Securing Screws:  Metal with head color to match plate finish.
2. Material for Finished Spaces:   0.04 in. (1 mm) thick, Type 302, satin finished stainless steel.
3. Material for Unfinished Spaces:  Galvanized steel.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install devices and assemblies plumb and secure.

   B. Install wall plates when painting is complete.
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   C. Install wall dimmers to achieve indicated rating after derating for ganging as instructed by
manufacturer.

   D. Do not share neutral conductor on load side of dimmers.

   E. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical, and
grounding terminal of receptacles on top.  Group adjacent switches under single, multigang wall plates.

   F. Protect devices and assemblies during painting.

  G. Adjust locations at which floor service outlets and telephone/power service poles are installed to suit
arrangement of partitions and furnishings.

3.02 IDENTIFICATION

   A. Comply with Section 16195.

1. Switches:  Where three or more switches are ganged, and elsewhere as indicated, identify each
switch with approved legend engraved on wall plate.

2. Receptacles:  Identify panelboard and circuit number from which served.  Use machine printed,
pressure sensitive, abrasion resistant label tape on face of plate and durable wire markers or tags
within outlet boxes.

3.03 CONNECTIONS

   A. Connect wiring device grounding terminal to branch circuit equipment grounding conductor.

   B. Isolated Ground Receptacles:  Connect to isolated ground conductor routed to designated isolated
equipment ground terminal of electrical system.

   C. Tighten electrical connectors and terminals according to manufacturers published torque-tightening
values.  If manufacturers torque values are not indicated, use those specified in UL 486A.

3.04 FIELD QUALITY CONTROL

   A. Test wiring devices for proper polarity and ground continuity.  Operate each device at least six times.

   B. Test GFCI operation with both local and remote fault simulations according to manufacturer's written
instructions.

   C. Replace damaged or defective components.

3.05 CLEANING

   A. Internally clean devices, device outlet boxes, and enclosures.  Replace stained or improperly painted wall
plates or devices.

* * * END OF SECTION * * *
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SECTION 16195
IDENTIFICATION

PART 1 GENERAL

1.01 GENERAL:

   A. Develop a rigorous marking plan.

   B. All items below included in the project, whether new or existing, shall be identified with the type
identification indicated.

   C. For existing items, the existing identification may remain only if the existing identification matches
perfectly this Specification in title, material, and color.  If not, remove the old identification and install the
new identification.

1.02 SUBMITTALS:

   A. Material Submittals:  Submit manufacturer’s data in lieu of the required certificate of compliance if you
desire.  If an “X” appears in the “Mfg. Data Required” column, then the GOVERNMENT  requires
Manufacturer’s data.

Mfg. Certificate
Data        of Except Inspector’s

Para # Description Req’d Compliance Taken Checklist

1.03 A Samples _X__      ___ ___ ___
1.03 B List _X__      ___ ___ ___

   B. Submit in accordance with Section 01300.

1.03 SUBMITTAL REQUIREMENTS:

   A. SAMPLES:  CONTRACTOR shall submit a sample of each different type of identification required for
the project for approval by the CONTRACTING OFFICER’S TECHNICAL REPRESENTATIVE
(COTR).

   B. LIST:  CONTRACTOR shall submit a list of all required identification, the title, the type, and the location
of each in the following typed format:

Item Title             Type                     Location
----   --------------    --------------------     --------------

   1   Water Heater      Engraved Plastic         Sheet 3

   2   Transformer T-1   Large Reflective Label   Sheet 4

   C. Submit samples in accordance with Section 01300.

1.04 TYPES OF IDENTIFICATION

Several basic types are specified below.  Unless noted otherwise, use the means listed whenever the same
words are used in the body of this Specification.
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   A. ENGRAVED PLASTIC PLATE shall be stamped, engraved laminated plastic with white core covered by
a black front and back.  Lettering shall be etched through outer covering to display white engraved
lettering on a black background.  Item shall be fastened to surfaces with No. 3 Phillips round-head self
tapping screws or pop rivets.  A  two-component epoxy adhesive which is manufacturer recommended for
use on both plastic and metal may be used in lieu of screws or rivets.  Lettering shall be a minimum of
3/16" high.

   B. ENGRAVED BRASS PLATE shall be engraved brass with 1/8" minimum letters.  Item shall be fastened
to surfaces with No. 3 Phillips round-head self-tapping screws or pop rivets.

   C. METAL FOIL LABEL shall be a metal foil label or plate with minimum 1/8" high letters.  Where another
means is the industry standard, make such a reference in the submittal for approval.

   D. LARGE REFLECTIVE LABEL shall be 3-inch high sticky-back, reflective labels.  The item may be one
label with necessary characters or a series of labels with each individual character on it.

   E. SMALL REFLECTIVE LABEL shall be 2-inch high sticky-back, reflective labels.  Each character shall
be on its own independent label.  Item shall be attached to equipment in series to form the "title" required.

   F. COLORED TAPE shall be 1" wide stripe of tape of the color indicated.

  G. DYMO LABEL shall be a label-maker type label with 1/8-inch high labels. Color shall be black.  A piece
of clear cellophane tape shall be applied over the label.  The tape shall extend 1/8-inch beyond all edges of
label.

  H. COLORED PAINT shall be paint of the color indicated.  Apply two coats of paint of specified color to
object or equipment indicated.  Do not apply second coat until the first is inspected by the
GOVERNMENT.  If the object or equipment does not have an existing painted surface, a primer coat
shall be applied in addition to the two required coats.

   I. COLORED INSULATION shall be electrical wire insulation of the type and color indicated.  Color coded
tape shall be kept to a minimum and shall not be used except as specifically approved by the
CONTRACTING OFFICER.

PART 2 PRODUCTS

NOT USED

PART 3 EXECUTION

3.01 GENERAL

CONTRACTOR shall install the identification of the type required in the locations required even though
not specifically indicated on the Drawings.

3.02 SERVICE ENTRANCE

Each panelboard, safety switch, switchboard, or other disconnecting means which serves as a service
entrance shall be identified with engraved brass plate.  The nameplate shall indicate the service number
and area of building served.  All other services in the building, the location of each, and the area served by
each shall be identified.

   A. One Service Example:
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MAIN SERVICE, BLDG. ###
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   B. Two Service Example:

               BLDG ###
        SERVICE 1 OF 2
    SERVES NORTH WING

SERVICE 2
LOCATED IN SOUTH WING
SERVES SOUTH WING

3.03 SWITCHBOARDS AND PANELBOARDS

Switchboards and panelboards shall be identified with engraved plastic plate.

   A. LOCATION:  The nameplate shall be centered on the lower portion of the cover plate inside the hinged
cover.  The identification shall indicate the panelboard title (ex. "MDP" or "LPCN#1") as indicated in
Drawings.

   B. FEED:  In addition, the nameplate shall state the switchboard from which this switchboard is fed from
(ex. "fed from MD1).  If the switchboard is the service equipment, the identification in paragraph 3.02
shall be used in lieu of nameplate stating where the switchboard is fed from.

   C. MAIN: Each panel with a main breaker shall be identified with an engraved plastic plate attached to cover
plate adjacent to directories.

   D. BRANCH CIRCUITS shall be identified with engraved plastic plate.  The nameplate shall indicate the
load served by the circuit.

3.04 TRANSFORMERS

Transformers including transformers in unit substations or load center, shall be identified with large
reflective label.  The title shall consist of three parts connected by dashes (ex. MDP-75-LA.)

Part   One: Title of panelboard fed from (Use "S" if the transformer is the service transformer.)
       Part   Two: KVA rating of transformer.
       Part Three: Title of panel fed by transformer.

3.05 DISCONNECTING MEANS AND CONTROL DEVICES

Disconnecting Means and Control Devices including motor control centers, magnetic starters, control
panels, safety switches, switchboards, manual motor starters, and other disconnecting means identified by
the CONTRACTING OFFICER, except panelboard branch circuits which utilize typed schedules, shall be
identified with engraved plastic plate.  The nameplate shall indicate the load served and shall be specific
in title.  The title shall not be "motor" but "Ex #1 fan motor."

3.06 WIRING CONSISTING OF 600 VOLT OR LESS CONDUCTORS

Wiring consisting of 600 volt or less conductors other than control circuits shall be identified with the
following identification:

   A. COLORED INSULATION for different voltage systems shall be as follows:

0-120 volt, control wiring: red or  black
  120/240 volt, single-phase: red or  black
  120/208 volt, 3-phase: red, black, or blue
  277/480 volt, 3-phase: yellow, brown, or orange
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   B. COLOR FOR GROUNDED CONDUCTORS shall be white.  Where two or more circuits of the same or
differing voltage systems are run in the same conduit, wireway, junction box, or other raceways, one
neutral shall have white insulation.  Each other system neutral required shall have insulation of white
color with an identifiable unique stripe (not green) running along the entire length.

   C. COLOR FOR GROUNDING CONDUCTORS shall be green except that bare wire may be used where
specifically indicated on Drawings.

   D. Terminations:  Use metal foil label shall be used in each enclosure where a tap, splice, or termination is
made and shall indicate the panelboard and circuit from which it is fed (i.e. LP-10.) Hand lettering or
marking is not acceptable.

3.07 HID FIXTURES shall be identified with metal foil label.  The label shall indicate the NEMA
identification of the replacement lamps.

3.08 RECEPTACLES shall be identified with DYMO label.  The title shall indicate the circuit (ex. LP-3)
feeding the receptacle(s).  The label shall be attached to the face plate adjacent to receptacles.  With
double faced outlets, such as on floor outlets, a label shall be placed on each side.

3.09 CONTROL CIRCUITS shall be identified with metal foil label.  Identification shall be provided within
each enclosure where a tap, splice, or termination is made.  In addition, the wire shall be identified with
colored insulation and shall be consistent with colors specified above.  Control circuit terminals shall be
properly identified as required.  Hand lettering or marking is not acceptable.

3.10 DUCT-BANK MARKERS shall be located at the ends of all duct banks except at handholes, at
approximately every 200-feet along the duct run, and at each change in direction of the duct run. Markers
shall be placed approximately 2-feet to the right of the duct bank when facing the longitudinal axis of the
run and in the direction of the electrical load.  Markers shall be made of class B concrete, 6-inch square or
round section by 2-feet long.  The top edges of the marker shall have a 1/2-inch chamfer all around.  The
letter "D" with two arrows shall be impressed or cast on top of the marker.  One arrow shall be located
below the letter and shall point toward the ducts.  The second arrow shall be located adjacent to the letter
and shall point in a direction parallel to the ducts.  The letter and the arrow adjacent to it shall each be
approximately 3-inches long.  The arrow under the letter shall be approximately 2-inches long.  The letter
and the arrows shall be V shaped and shall have a width of stroke at least 1/4-inch at the top, and depth of
1/4-inch.  The top of the duct markers shall be flush in paved areas and shall protrude not more than 2
inches above finished grade in unpaved areas.  Where the duct bank changes direction, the arrow located
adjacent to the letter shall be cast or impressed with an angle in the arrow approximately the same as the
angular change of the duct bank.

3.11 EXPOSED LENGTHS OF CONDUIT containing high-voltage power conductors operating at more than
600 volts shall have two red bands spaced 8-inches apart painted near each coupling; the intervening
space between the red bands shall be painted white, and on the white space the voltage shall be stenciled
in black:             volts.

* * * END OF SECTION * * *



16220-1 WRALC/EMQ-202858020499

SECTION 16220
ELECTRIC MOTORS

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Electric motors for use on ac power systems up to 600 V.
2. Motors that are factory-installed as part of equipment.
3. Field-installed motors.

   B. Motors furnished under other sections of these Specifications as part of equipment items shall conform to
requirements of this section except as noted otherwise in that section or indicated otherwise on Drawings or
schedules.

   C. Section does not include manufacturer’s definite purpose, direct current, synchronous or wound rotor motors.

1.02 SUBMITTALS

   A. General:

1. Include motor submittal as part of equipment submittal for equipment specified in other sections.
2. Include identification of equipment by name and tag number as indicated in Specifications or on Drawings.

   B. Product Data:

1. Complete nameplate data in accordance with NEMA standards.
2. Full load power factor and maximum recommended correction capacitor kVa for motors 5 hp and larger.
3. Nominal efficiency in accordance with IEEE 112 for three phase motors 1 hp and larger.
4. Motor dimensions and frame size.
5. Manufacturer's printed data on each motor type being provided to indicate compliance with specified

performance and construction.
6. Service manual to include storage and alignment instructions.

   C. Submit in accordance with Section 01300.

   D. Operation and Maintenance (O&M) Data:

1. Operating instructions, maintenance requirements and parts list.
2. Submit in accordance with specification section of equipment of which motor is a part.

1.03 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Terms "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Comply with NEMA MG 1, "Motors and Generators."

   C. Comply with UL 1004, "Motors, Electric".
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PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Reliance

   B. Siemens

   C. General Electric

   D. U.S. Motors

   E. Toshiba

2.02 GENERAL

   A. Requirements below apply to motors covered by this Section except as otherwise indicated.

   B. Motors 1/2 hp and Larger:  Polyphase.

   C. Motors Smaller Than 1/2 hp:  Single-phase.

   D. Frequency Rating:  60 Hz.

   E. Voltage Rating:  Determined by voltage of circuit to which motor is connected for following motor voltage ratings
(utilization voltages):

1. 120 V Circuit:  115 V - motor rating.
2. 208 V Circuit:  200 V - motor rating.
3. 240 V Circuit:  230 V - motor rating.
4. 480 V Circuit:  460 V - motor rating.

   F. Service factors indicated for motors are minimum values and apply at frequency and utilization voltage at which
motor is connected.  Provide motors which will not operate in service factor range when supply voltage is within
10% of motor voltage rating.

   G. Capacity:  Sufficient to start and operate connected loads at designated speeds in indicated environment, and with
indicated operating sequence, without exceeding nameplate ratings.  Provide motors rated for continuous duty
at 100% of rated capacity.

   H. Temperature Rise:  Based on 40 degree C ambient except as otherwise indicated.

   I. Enclosure:  Totally Enclosed Fan Cooled (TEFC) unless otherwise indicated in other sections and as required by
NEC.

1. Explosion proof motors approved for specific hazard classifications covered by NEC.
2. Weather proof motors designed for outdoors and in wet areas.
3. Chemical resistant motors designed for severe duty applications, including high humidity, corrosive, dirty

or salty atmospheres.

   J. Copper Windings

2.03 POLYPHASE MOTORS
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   A. Squirrel-cage induction-type conforming to following requirements except as otherwise indicated.

   B. NEMA Design Letter Designation:  "B"

   C. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust loading for application.

1. Regreaseable with alamite fittings extended to accessible location for Frame 250 and larger.
2. AFBMA B10 bearing life rated (flexible coupled) at 50,000 hrs.

   D. Energy Efficient Motors:  Nominal efficiency equal to or greater than that stated in NEMA MG 1, Table 12-10
for that type and rating of motor.

   F. Inverter Duty Motors for Use With Solid-State Drives:  Energy efficient, squirrel-cage induction, NEMA
Design B units with ratings, characteristics, and features coordinated with and approved by drive manufacturer
conforming to requirements of NEMA MG 1, Part 31.

1. Include adequate thermal capacity for continuous operation under worst case temperature conditions with
motor operating at rated torque, without reduction in insulation life of motor, under the range of conditions
specified.

2. Suitable for operation with inverters specified in Section 13404.

   G. Internal Thermal Overload Protection For Motors:  For motors so indicated, protection automatically opens
control circuit arranged for external connection.  Protection operates when winding temperature exceeds safe
value calibrated to temperature rating of motor insulation.

   H. Motors for Reduced Inrush Starting:  Coordinate with indicated reduced inrush controller type and with
characteristics of driven equipment load.  Provide required wiring leads in motor terminal box to suit control
method.

   I. Torque:

1. Breakdown torque shall be 200% or more of maximum torque load placed on motor shaft.
2. Provide necessary WK2 curves for special loads to coordinate with motors.
3. Supply special motors where load requirements exceed standard design.

   J. Open Drip Proof (ODP).

1. Energy Efficient.
2. Protected Openings.
3. Class B Insulation.
4. 1.15 Service Factor.
5. Cast iron construction.

   K. Totally Enclosed Fan Cooled (TEFC) and Totally Enclosed Non Ventilated (TENV).

1. Energy Efficient.
2. 1.15 service factor, Class "F" insulation.
3. Cast iron construction; frame, conduit box, end shields,. fan cover, inner caps for 182T frames and larger.
4. Positive lubrication systems.
5. Removable eyebolt.
6. Suitable for indoor and outdoor installations.
7. Diagonally split, neoprene gasketed, rotatable oversized conduit box with NPT threaded lead hole.
8. Conduit box mounted, UL approved clamp type grounding lug.
9. Permanently numbered non-wicking leads.
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10. Rust inhibitive non-washing lubricant.
11. Stainless steel nameplate with.

a. NEMA nominal efficiency (MG 1-12).
b. AFBMA bearing numbers.
c. Lubrication instructions.

   L. Corrosion Resistant (Mill and Chemical Duty).

1. Same features as TEFC, except as noted below.
2. Neoprene lead seal separator gasket mounted between motor frame and conduit box.
3. Anti-static corrosion resistant fan.
4. Zinc plated hex head hardware.
5. Stainless steel T drains and breather fittings.
6. Stator and rotor completely epoxy coated for corrosion protection.
7. Non-metallic V-ring shaft slinger.
8. Double shielded bearings.
9. Double-coated epoxy enamel exterior finish.
10. Stainless steel nameplate.

   M. Explosion Proof.

1. Same features as TEFC.
2. Approved for NEC hazardous classified location as noted in equipment specification or as indicated on

Drawings.
3. Automatic explosion proof breather drains.

   N. Submersible pump and mixer motors.

1. As specified in equipment specification sections.
2. 1.10 service factor, unless otherwise indicated in equipment specification sections.

2.04 SINGLE-PHASE MOTORS

   A. One of following types as selected to suit starting torque and other requirements of specific motor application:

1. Permanent Split Capacitor.
2. Split-Phase Start, Capacitor-Run.
3. Capacitor-Start, Capacitor-Run.

   B. Shaded-Pole Motors:  Use only for motors smaller than 1/20 hp.

   C. Internal Thermal Overload Protection for Motors:  For motors so indicated, protection automatically opens power
supply circuit to the motor, or control circuit arranged for external connection.  Protection operates when winding
temperature exceeds safe value calibrated to temperature rating of motor insulation.  Provide device that
automatically resets when motor temperature returns to normal range except as otherwise indicated.

   D. Bearings, belt connected motors and other motors with high radial forces on motor shaft shall be ball bearing type.
 Sealed, prelubricated sleeve bearings may be used for other single phase motors.

2.05 SOURCE QUALITY CONTROL

   A. Testing:

1. Perform individual motor test on motors over 1 hp.
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2. Test shall be standard NEMA routine production test in accordance with MG 1-12.55.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Field install motors in accordance with manufacturer's instructions and following:

1. Direct Connected Motors:  Mount securely in accurate alignment.
2. Belt Drive Motors:  Use adjustable motor mounting bases.  Align pulleys and install belts.  Use belts

furnished by manufacturer and tension belts in accordance with manufacturer recommendations.

3.02 COMMISSIONING

   A. Check operating motors, both factory and field-installed, for unusual conditions during normal operation. 
Coordinate with commissioning of equipment for which motor is part.

   B. Report unusual conditions.

   C. Correct deficiencies of field-installed units.

3.03 ALIGNMENT

   A. Installer of motor is responsible for alignment.

   B. Check alignment of motors prior to startup.

   C. Motors over 50 hp: Check alignment and balance using test equipment specially designed for this purpose.

3.04 FIELD QUALITY CONTROL

   A. Inspect wire and connections for physical damage and proper connection.

   B. Conduct insulation resistance (megger) test on each motor 25 hp and larger before energizing.  Conduct test with
500 or 1,000 vdc megger.  Test each phase separately and follow procedures listed below.

1. Disconnect voltage sources, lightning arrestors, capacitors, and other potential low insulation sources from
motor before connecting megger to motor.

2. When testing phase, connect phases not under test to ground.
3. Apply test voltage, phase to ground on each phase being tested.  Record resistance reading at 30 sec and

at 1 min after test voltage is applied.  Divide 1 min reading by 30 sec reading to obtain dielectric
absorption ratio (DAR).  DAR shall be 1.25 or greater for phase to pass test.

4. If phases have DAR of 1.25 or greater, attach tag to motor and mark tag "Insulation Resistance Test OK"
and sign.

5. If phases have DAR of less than 1.25, attach tag to motor and mark tag AInsulation Resistance Test
Failed@ and sign.  Provide new motor and retest.  Notify ENGINEER of failure and actions taken to
correct.

6. Connect equipment removed in Item 1 above.

   C. Before energizing motor, record motor's nameplate current on record drawing line diagrams.  Size motor starter
overload heaters with starter manufacturer's recommendation for given motor nameplate current, service factor,
and power factor correcting capacitors, is provided.
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   D. Check rotation of motor before connecting to driven equipment; before couplings are bolted or belts installed.
 Before motor is started to check rotation, determine that motor is lubricated.  When rotation is correct, mark
insulation resistance test tag "Rotation OK".  Sign or initial test tag by person who checked motor rotation.

* * * END OF SECTION * * *
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SECTION 16274
MEDIUM- VOLTAGE TRANSFORMERS

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Distribution and power transformers with medium- voltage primaries.

1.02 SUBMITTALS

   A. Product Data: 

1. Include data on features, components, ratings, and performance for each type of transformer
specified.  Include dimensioned plans, sections, and elevation views. 

2. Show minimum clearances and installed devices and features.

   B. Wiring Diagrams:  Detail wiring and identify terminals for tap changing and connecting field-installed
wiring.

   C. Field Test Reports:  Indicate and interpret test results for tests specified in Part 3.

   D. Maintenance Data:  For transformers to include in maintenance manual. 

   E. Submit in accordance with Section 01300.

1.03 QUALITY ASSURANCE

   A. Testing Agency Qualifications:  In addition to requirements specified in Section 01458 an independent
testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907; or
shall be full-member company of InterNational Electrical Testing Association.

1. Testing Agency's Field Supervisor:  Person currently certified by InterNational Electrical Testing
Association or National Institute for Certification in Engineering Technologies, to supervise
on-site testing.

   B. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   C. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

   D. Comply with IEEE C2.
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PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. ABB Power T & D Co., Inc.

   B. Carte.

   C. Cooper Industries; Cooper Power Systems Division.

   D. Dynapower Corporation.

   E. MagneTek Inc.

   F. Siemens Energy & Automation, Inc.

   G. Square D; Groupe Schneider.

   H. Van Tran Transformers.

2.02 TRANSFORMERS, GENERAL

   A. Description:  2-winding type, designed for operation with high-voltage windings connected to 1-phase,
3-wire, 60 Hz, grounded-neutral distribution system.

2.03 DRY-TYPE TRANSFORMERS

   A. Comply with NEMA ST 20, IEEE C.57.12.01, and IEEE C57.94, and list and label as complying with
UL 1562.

   B. Enclosure: Outdoor, ventilated, raintight, NEMA 250, Type 3R.

   C. Cooling System:  Comply with IEEE C57.12.01 class OA.

   D. Insulation Class:  220 degree C.

1. Rated Temperature Rise: 115 degree maximum rise above 40 degree C.
2. BIL:  Standard value for nominal primary equipment voltage per applicable IEEE standard.

   E. Full-Capacity Voltage Taps:  Four 2.5% taps; 2 above and 2 below rated high voltage.

   F. Impedance:  Value indicated on Drawings or, if none indicated, manufacturer's standard.

   G. Include following accessories:

1. High-Voltage Surge Arresters:  Distribution class, low-flashover, metal-oxide-varistor type
complying with NEMA LA 1; factory installed and connected to high-voltage terminals.

2. Low-Voltage Surge Arresters:  Metal-oxide-varistor type complying with NEMA LA 1; factory
installed and connected to low-voltage terminals.

3. High-Voltage Terminal Compartment:  Steel compartment with height to match transformer.
4. Low-Voltage Terminal Compartment:  Steel compartment with height to match transformer.
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2.04 FINISHES

   A. Enclosure Coating System for Outdoor Units:  Comply with section 16011.

2.05 SOURCE QUALITY CONTROL

   A. Factory Tests:  Design and routine tests comply with referenced standards.

   B. Factory Sound-Level Tests:  Conduct sound-level tests on equipment for this Project if specified sound
levels are below standard ratings.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Comply with IEEE C2.

   B. Identify transformers and install warning signs according to Section 16195.

   C. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening
values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

3.02 GROUNDING

   A. Separately Derived Systems:  Make grounding connections to grounding electrodes and bonding
connections to metallic piping as indicated to comply with NFPA 70.

   B. Comply with Section 16060 for materials and installation requirements.

3.03 FIELD QUALITY CONTROL

   A. Manufacturer's Field Services:

1. Supplier's or manufacturer's representative for equipment specified herein shall be present at
jobsite or classroom designated by CONTRACTING OFFICER for mandays indicated, travel time
excluded, for assistance during plant construction, plant startup, and training of CONTRACTING
OFFICER’S personnel for plant operation.  Include:

a. 1 manday for Installation Services.
b. 1/2 manday for Instructional Services.

2. Supplier or manufacturer shall direct services to system and equipment operation, maintenance,
troubleshooting, and equipment and system-related areas other than wastewater treatment
process.  See Section 01600.

   B. Instructional Services:

1. Factory-authorized service representative shall explain transformers and accessories and to train
CONTRACTING OFFICER’S maintenance personnel.  Provide both classroom training and
hands-on equipment operation covering following:

a. Safety precautions.
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b. Features and construction of project transformers and accessories.
c. Routine inspection, test, and maintenance procedures.
d. Routine cleaning.
e. Tap-changing procedures.
f. Features, operation, and maintenance of separable, insulated, connector system.//

   C. Testing:

1. Testing Agency:  Provide services of qualified independent testing agency to perform field
quality-control testing.

   D. Test Objectives:  To ensure transformer is operational within industry and manufacturer's tolerances, is
installed according to Contract Documents, and is suitable for energizing.

   E. Test Labeling:  On satisfactory completion of tests for each transformer, attach dated and signed
"Satisfactory Test" label to tested component.

   F. Schedule tests and provide notification at least 7 days in advance of test commencement.

   G. Report:  Submit written report of observations and tests.  Report defective materials and installation.

   H. Tests:  Include following minimum inspections and tests according to manufacturer's written
instructions.  Comply with IEEE C57.12.90 for test methods and data correction factors for liquid-filled
units and with IEEE C57.12.91 for dry-type units.

1. Inspect accessible components for cleanliness, mechanical and electrical integrity, and damage or
deterioration.  Verify that temporary shipping bracing has been removed.  Include internal
inspection through access panels and covers for dry-type transformers.

2. Inspect bolted electrical connections for tightness according to manufacturer's published torque
values or, if not available, those specified in UL 486A and UL 486B.

3. Insulation Resistance:  Perform megohmmeter tests of primary and secondary winding to winding
and winding to ground.

a. For Windings' Ratings from 0 to 600 V:  1000-V, dc minimum test voltage; and 500
megohms for dry-type and 100 megohms for liquid-filled transformers.

b. For Windings' Ratings from 601 to 5000 V:  2500-V, dc minimum test voltage; and 5000
megohms for dry-type and 1000 megohms for liquid-filled transformers.

c. For Windings' Ratings from 5000 to 35,000 V:  5000-V, dc minimum test voltage; and
25,000 megohms for dry-type and 5000 megohms for liquid-filled transformers.

4. Duration of Each Test:  10 min.
5. Temperature Correction:  Correct results for test temperature deviation from 20E C standard.
6. Turns Ratio:  Measure between windings at each tap setting.  Measured ratios deviating more

than 0.5% from calculated or measured ratio for an adjacent coil are not acceptable.
7. Winding Resistance:  Measure for windings at nominal tap setting.  Measured resistance

deviating more than 1% from that of adjacent windings is not acceptable.

   I. Test Failures:  Compare test results with specified performance or manufacturer's data.  Correct
deficiencies identified by tests and retest.  Verify that transformers meet specified requirements.
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3.04 CLEANING

   A. On completion of installation, inspect components.  Remove paint splatters and other spots, dirt, and
debris.  Repair scratches and mars on finish to match original finish.  Clean components internally using
methods and materials recommended by manufacturer.

3.05 ADJUSTING

   A. After installing and cleaning, touch up scratches and mars on finish to match original finish.

   B. Adjust transformer taps to provide optimum voltage conditions at utilization equipment throughout
normal operating cycle of facility.  Record primary and secondary voltages and tap settings and submit
with test results.

 * * * END OF SECTION * * *
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SECTION 16414
DISCONNECTS, FUSES AND CIRCUIT BREAKERS

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Service disconnects.
2. Feeder and equipment disconnects.
3. Fuses.
4. Enclosed circuit breakers.

1.02 SUBMITTALS

   A. Product Data:

1. Submit for switches, circuit breakers, and accessories.

a. Descriptive data and time-current curves for protective devices and let-through current
curves for those devices with current-limiting characteristics.  Include coordination charts
and tables, and related data.

2. Submit for fuse:

a. Descriptive data and time-current curves.
b. Let-through current curves for fuses with current-limiting characteristics.
c. Coordination charts and tables and related data.
d. Fuse size for disconnect applications.

   B. Test Results:

1. Report of Field Tests and Observations certified by CONTRACTOR.

   C. Operating and Maintenance Data:

1. Maintenance data for tripping devices.

   D. Submit in accordance with Section 01300.

1.03 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   B. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.
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   C. Single-Source Responsibility:  Enclosed switches, fuses and circuit breakers shall be product of single
manufacturer.

1.04 EXTRA MATERIALS

   A. Furnish extra materials described below that match products installed, are packaged with protective
covering for storage, and are identified with labels describing contents.

1. Spare Fuses:  Furnish quantity equal to 10% of each fuse type and size installed, but not less than
1 set of 3 of each type and size.

PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Fusible Switches:

1. Square D Co.
2. Cutler-Hammer.

   B. Fuses:

1. Bussmann.
2. Gould Shawmut.
3. Littelfuse, Inc.

C. Molded-Case Circuit Breakers:

1. Square D Co.
2. Cutler-Hammer.

2.02 ENCLOSED SWITCHES

   A. Enclosed Nonfusible Switch:  NEMA KS 1, Type HD handle lockable with 2 padlocks.

   B. Enclosed Fusible Switch, 800 Amps and Smaller:  NEMA KS 1, Type HD, clips to accommodate
specified fuses, enclosure consistent with environment where located, handle lockable with 2 padlocks,
and interlocked with cover in closed position.

1. Minimum Fault Current Rating:  200,000 symmetrical rms amperes.

   C. Enclosure:  NEMA KS 1, Type 12, unless specified or required otherwise to meet environmental
conditions of installed location.

1. Outdoor or Other Wet or Damp Indoor Locations:  NEMA Type 4X stainless steel.
2. Hazardous Areas Indicated on Drawings:  NEMA Type 7C.

2.03 CARTRIDGE FUSES

   A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuse; class as specified or indicated; current
rating as indicated; voltage rating consistent with circuit voltage.
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2.04 ENCLOSED CIRCUIT BREAKERS

   A. Enclosed Molded-Case Circuit Breaker:  NEMA AB 1, handle lockable with 2 padlocks.

   B. Characteristics: 

1. Frame size, trip rating, number of poles, and auxiliary devices as indicated
2. Interrupting capacity rating to meet available fault current, 10,000 symmetrical rms amps

minimum
3. Appropriate application listing when used for switching fluorescent lighting loads or heating, air

conditioning, and refrigeration equipment.

   C. Molded-Case Switch:  Where indicated, molded-case circuit breaker without trip units.

   D. Lugs:  Mechanical lugs and power-distribution connectors for number, size, and material of conductors
indicated.

   E. Shunt Trip:  Where indicated, 120 volts, 60 Hz.

   F. Accessories:  As indicated.

   G. Enclosure:  NEMA AB 1, Type 12, unless specified or required otherwise to meet environmental
conditions of installed location.

1. Outdoor or Other Wet or Damp Indoor Locations:  NEMA Type 4X stainless steel.
2. Hazardous Areas Indicated on Drawings:  NEMA Type 7C.

PART 3 EXECUTION

3.01 EXAMINATION

   A. Examine utilization equipment nameplates and installation instructions to verify proper fuse locations,
sizes, and characteristics.

   B. Do not proceed with installation until unsatisfactory conditions have been corrected.

3.02 INSTALLATION

   A. Install enclosed switches and circuit breakers in locations as indicated, according to manufacturer's
written instructions.

   B. Install fuses in fusible devices as indicated.  Arrange fuses so fuse ratings are readable without removing
fuse.

   C. Install enclosed switches and circuit breakers level and plumb.

   D. Connect enclosed switches and circuit breakers and components to wiring system and to ground as
indicated and instructed by manufacturer.  Tighten connectors and terminals, including screws and bolts
according to equipment manufacturer's published torque tightening values for equipment connectors. 
Where manufacturer's torquing requirements are not indicated, tighten connectors and terminals
according to tightening torques specified in UL Standard 486A.
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3.03 FUSE APPLICATIONS

   A. Other Branch Circuits:  Class RK5, non-time delay.

3.04 IDENTIFICATION

   A. Install typewritten labels on inside door of each fused switch to indicate fuse replacement information.

3.05 FIELD QUALITY CONTROL

   A. Testing:  After installing enclosed switches and circuit breakers and after electrical circuitry has been
energized, demonstrate product capability and compliance with requirements.

1. Procedures:  Perform each visual and mechanical inspection and electrical test stated in NETA
ATS, Section 7.5 for enclosed switches and Section 7.6 for molded-case circuit breakers.  Certify
compliance with test parameters.

2. Correct malfunctioning units at site, where possible, and retest to demonstrate compliance;
otherwise, remove and replace with new units, and retest.

3.06 CLEANING

   A. Upon completion of installation, inspect OCPDs.  Remove paint splatters and other spots, dirt, and
debris.  Touch up scratches and mars of finish to match original finish.

* * * END OF SECTION * * *



16443-1 WRALC/EMQ - 202858020499

SECTION 16443
MOTOR-CONTROL CENTER COMPONENTS

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Circuit breakers and motor starters for use on ac circuits rated 600 V and less.

1.02 SUBMITTALS

   A. Product Data: 

1.  Include data on features and components.

   B. Shop Drawings:  Component lists.  Show ratings, including short-time and short-circuit ratings.

1. Schedule of features, characteristics, ratings, and factory settings of individual motor-control
center units.

2. Wiring Diagrams:  Interconnecting wiring diagrams pertinent to class and type specified for
motor-control center.  Schematic diagram of each type of controller unit indicated.

   C. Test Results:

1. Certified reports of field tests and observations.

   D. Operation and Maintenance Data (O&M): 

1. Maintenance data for MCC.

   E. Miscellaneous: 

1. Load-Current and Overload-Relay Heater List:  Compile after motors have been installed and
arrange to demonstrate that selection of heaters suits actual motor nameplate full-load currents.

   F. Submit in accordance with Section 01300.

1.03 QUALITY ASSURANCE

   A. Source Limitations:  Obtain similar motor-control devices through one source from single manufacturer.

   B. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

   C. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.



16443-2 WRALC/EMQ - 202858020499

   D. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for
motor-control center components, and are based on space requirements of existing motor control center.

1.04 COORDINATION

   A. Coordinate features of controllers and accessory devices with pilot devices and control circuits to which
they connect.

   B. Coordinate features, accessories, and functions of each motor controller with ratings and characteristics
of supply circuit, motor, required control sequence, and duty cycle of motor and load.

1.05 EXTRA MATERIALS

   A. Furnish extra materials described below that match products installed, are packaged with protective
covering for storage, and are identified with labels describing contents.

1. Spare Fuse and Incandescent Indicating Lamps:  Furnish 1 spare for every 5 installed units, but
not less than 1 set of 3 of each kind.

PART 2 PRODUCTS

2.01 MANUFACTURERS

   A. Square D Co.

2.02 FUNCTIONAL FEATURES

  A. Description:  Modular arrangement of motor controllers, control devices, overcurrent protective devices,
blank panels, and other items mounted in compartments of motor-control center as indicated.

  B. Motor-Controller Units:  Combination controller units of types and with features, ratings, and circuit
assignments indicated.

1. Units with full-voltage, across-the-line, magnetic controllers up to and including Size 3 are
installed on drawout mountings with connectors that automatically line up and connect with
vertical-section buses while being racked into their normal, energized positions.

2. Units have short-circuit current ratings equal to or greater than short-circuit current rating of
motor-control center section.

3. Units in motor-control centers with Type B wiring are equipped with pull-apart terminal strips or
drawout terminal boards for external control connections.

  C. Overcurrent Protective Devices:  Types of devices with features, ratings, and circuit assignments
indicated.  Individual feeder-tap units through 225-A rating shall be installed on drawout mountings
with connectors that automatically line up and connect with vertical-section buses while being racked
into their normal, energized positions.

2.03 MAGNETIC MOTOR CONTROLLERS

   A. Description:  NEMA ICS 2, Class A, full voltage, nonreversing, across-the-line, unless otherwise
indicated.
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   B. Control Circuit:  120 V; obtained from integral control power transformer, unless otherwise indicated. 
Include control power transformer with adequate capacity to operate connected pilot, indicating and
control devices, plus 100% spare capacity.

   C. Combination Controller:  Factory-assembled combination controller and disconnect switch with or
without overcurrent protection as indicated.

1. Circuit-Breaker Disconnect:  NEMA AB 1, motor-circuit protector with field-adjustable
short-circuit trip coordinated with motor locked-rotor amperes.

   D. Overload Relay:

1. Electronic solid state type with inverse-time-current characteristic, phase loss and phase
unbalance protection for size 2 and larger.

2. Provide NEMA Class 20 heaters or sensors in each phase matched to nameplate full load current
of specific motor to which connected with appropriate adjustment for duty cycle.

3. Enhanced Protection Overload Relay:  Provide overload relays with NEMA Class 10 or better
tripping characteristics for submersible equipment or where indacated.  Select to protect motor
against voltage unbalance and single phasing.

2.04 FEEDER OVERCURRENT PROTECTION

   A. Molded-Case Circuit Breaker:  NEMA AB 1, handle lockable.

1. Characteristics:  Frame size, trip rating, number of poles, and auxiliary devices as indicated and
interrupting capacity rating to meet available fault current.

2. Application Listing:  Appropriate for application, including Type HACR for heating,
air-conditioning, and refrigeration equipment.

3. Circuit Breakers, 200 A and Larger:  Trip units interchangeable within frame size.
4. Circuit Breakers, 400 A and Larger:  Field-adjustable, short-time and continuous-current settings.
5. Current-Limiting Trips:  Where indicated, let-through ratings less than NEMA FU 1,

Class RK-5.
6. Lugs:  Mechanical lugs and power-distribution connectors for number, size, and material of

conductors indicated.
7. Shunt Trip:  Where indicated or required for ground fault protection trip.

2.05 ACCESSORIES

   A. Install controllers overcurrent protective devices in existing motor control center enclosure, unless
otherwise indicated.

   B. Furnish following devices when indicated on Drawings.

1. Push-Button Stations, Pilot Lights, and Selector Switches:  NEMA ICS 2, heavy-duty type.
2. Stop and Lockout Push-Button Station:  Momentary-break push-button station with

factory-applied hasp arranged so padlock can be used to lock push button in depressed position
with control circuit open.

3. Control Relays:  Auxiliary and adjustable time-delay relays.
4. Elapsed Time Meters:  Heavy duty with digital readout in hours.
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PART 3 EXECUTION

3.01 APPLICATIONS

   A. Select features of each motor controller to coordinate with ratings and characteristics of supply circuit
and motor; required control sequence; duty cycle of motor, drive, and load; and configuration of pilot
device and control circuit affecting controller functions.

   B. Select horsepower rating of controllers to suit motor controlled.

   C. Push-Button Stations:  In covers of magnetic controllers for manually started motors where indicated,
start contact connected in parallel with sealing auxiliary contact for low-voltage protection.

   D. Hand-Off-Automatic Selector Switches:  Where Indicated.

   E. Pilot Lights:  Push to test type where indicated.

3.02 INSTALLATION

   A. Install in existing motor-control center according to manufacturer's written instructions.

3.03 IDENTIFICATION

A. Identify field-installed wiring and components.

3.04 CONTROL WIRING INSTALLATION

   A. Install wiring between motor-control devices according to Section 16120.

   B. Bundle, train, and support wiring in enclosures.

   C. Connect hand-off-automatic switch and other automatic control devices according to indicated wiring
diagram or one that is manufacturer approved, where available.

1. Connect selector switches to bypass only manual and automatic control devices that have no
safety functions when switch is in hand position.

2. Connect selector switches with motor-control circuit in both hand and automatic positions for
safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and
motor-overload protectors.

3.05 FIELD QUALITY CONTROL
  

   A. Testing:

1. Reports:  Notify CONTRACTING OFFICER in writing indicating defective materials and
workmanship and unsatisfactory test results.  Include record of repairs and adjustments made.

2. Perform following tests:

a. Test insulation resistance of components; and of connecting supply, feeder, and control
circuits.  For components with solid-state devices or other sensitive components, perform
tests in accordance with manufacturer's instructions.

b. Make continuity tests of circuits.
c. Inspect components for defects and physical damage, testing laboratory labels, circuit

connections, and nameplate compliance with up-to-date system drawings.
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d. Perform operational test and exercise of mechanical components and other operable devices
in accordance with manufacturer's instruction manual.

e. Check tightness of bolted electrical connections with calibrated torque wrench.  Refer to
manufacturer's instructions for proper torque values.

f. Perform visual and mechanical inspection and related work for motor control and protective
devices.

g. Device Ratings and Settings:  Verify ratings and settings of overload relays, motor circuit
protectors, and overcurrent protective devices.  Make final adjustments of devices.

3. Quality Control Testing Program:  Assure installation meets specified requirements, is
operational within specified tolerances, and provides appropriate protection for systems and
equipment.

a. Test and inspect  in accordance with manufacturer's recommendations and these
specifications.

b. Schedule tests and provide notification at least 7 days in advance of test commencement.
c. Reports:  Prepare written reports of test results and observations.  Report defective materials

and workmanship.  Include complete records of adjustments and corrective action taken.
d. Labeling:  On satisfactory completion of tests and related effort, apply label to tested

components indicating results, person responsible, and date.
e. Test insulation resistance of buses and portions of control wiring that disconnect from

solid-state devices through normal disconnecting features.  Insulation resistance less than
100 megohms is not acceptable.

f. Verify appropriate capacity, overcurrent protection, and operating voltage of control power
elements including control power transformers and control power wiring.

4. Retesting:  Correct deficiencies and retest.  Verify by retests that specified requirements are met.

3.06 ADJUSTMENTS

   A. Perform short-circuit analysis and coordination study.  Set field-adjustable pick-up and time-sensitivity
ranges  accordingly.

3.07 CLEANING

   A. Inspect interior and exterior of motor-control centers.  Remove paint splatters and other spots, dirt, and
debris.  Touch up scratches and mars of finish to match original finish.  Clean devices internally, using
methods and materials recommended by manufacturer.

* * * END OF SECTION * * *
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SECTION 16470
PANELBOARDS AND MOLDED CASE CIRCUIT BREAKERS

PART 1 GENERAL

1.01 GENERAL:

   A. Lighting and appliance branch-circuit, distribution, power, or feeder panelboards shall be bolt-on circuit-
breaker equipped, type I.  Panelboards used as service equipment shall be specifically labeled for such use.
Busbars shall be copper, and held firmly in place.  Locks shall be keyed alike.

1.02 OMITTED:

1.03 SUBMITTALS:

   A. MATERIAL SUBMITTALS:  Submit manufacturer’s data in lieu of the required certificate of compliance
if you desire.  If an “X” appears in the “Mfg. Data Required” column, then the Government  requires
Manufacturer’s data.

Mfg. Certificate
Data        of Excepts Inspector’s

Para # Description Req’d Compliance Taken Checklist
1.04 A Panelboards _X__      ___ ___ ___
1.04 C Molded Case Circuit Breakers _X__      ___ ___ ___
1.04 E Trans Voltage Surge Suppression _   __      ___ ___ ___

   B. OTHER SUBMITTALS:   Provide the following submittals as required by the contract or as directed by
the Contracting Officer.

Inspector’s
      Para # Description    Date Required Checklist
       1.04 B Panel Directories Before Installation ___
       1.04 D Laminated Riser Diagram Before Prefinal ___

1.04 SUBMITTAL REQUIREMENTS:

   A. Panelboards:  Submit manufacturer's information on panelboards indicating, as a minimum, the
following: voltage and ampere rating, dimensions, main breaker size, neutral bar, ground bar, number and
size of breakers, special breakers, blanks and spares, and other pertinent information.

   B. Directories:  Submit a typed copy of each panel directory for approval before installation of circuits.  Any
circuits installed and not approved on panelboard schedule will be relocated, if required by the
Contracting Officer, at no additional cost to the Government.

   C. Molded Case Circuit Breakers:  Submit manufacturer, AIC rating, voltage and ampere rating, and other
information such as special handle configuration or special use.
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PART 2 PRODUCTS

2.01 MANUFACTURER

Acceptable Manufacturers include Square D, General Electric and Siemens-ITE.  Substitutes must meet
the minimum dimensions of the preferred manufacturer, as well as bus bar thickness, mounting, and
arrangement, and enclosure metal thickness, construction, and coating system.

2.02 I-LINE TYPE

Panelboards may be substituted for bolt-on type at 400 Amp and up.

2.03 DIMENSIONS

Panelboards shall meet the dimensional restraints of the preferred manufacturer.

2.04 ENCLOSURE

Panelboards shall be of dead-front construction and shall have an enclosure type suitable for the purpose
intended.  Enclosures to be mounted flush in any room or surface in nonadministrative areas may be
galvanized.  Enclosures that are installed surface mounted in administrative areas shall be painted to
match the existing/new wall color.  Paint conduits leaving panelboard to the point they exit through the
floor or suspended ceiling.  Apply one coat of primer and two coats of paint.  Take care not to paint
opening parts together and/or paint over labels.

2.05 INTEGRATED EQUIPMENT SHORT CIRCUIT RATING (IER)

Shall not be less than that required for the application and as indicated.

   A. Busbars shall be braced to withstand fault current equal to or greater than the least AIC rating of the
circuit-breakers installed.

   B. Minimum ratings:  The minimum AIC rating shall be 10,000 Amps interrupting capacity (AIC) for 240
and 208 volt panelboards and for 480 volt panelboards shall be 22,000 AIC.

   C. Current-limiting Devices:  Where these are used, the IER shall be determined by the manufacturer and
shall be UL tested and Listed for application with the particular current-limiting devices used.

2.06 NEUTRAL AND GROUND BARS

Provide each panelboard with separate neutral and ground bars bolted in place (the ground bar may be
welded or brazed in place).  The neutral bar shall be isolated from the enclosure and not connected to the
ground bar except at service equipment.

2.07 SERVICE ENTRANCE:

   Neutral and Ground Bars:  At service equipment, the connection between the neutral and ground bar may
be omitted if a separate ground wire is routed from the transformer.  A panelboard fed from a separately
derived system shall be considered service equipment.

2.08 MAIN BREAKER

Shall be provided with the panel.  The main breaker shall be top or bottom mounted in a vertical position
specifically designed for the purpose.  Horizontal mountings for panels over 225 Amps may be used only
as approved specifically in writing by the Contracting Officer.  In no case is the panelboard to be backfed
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through a branch breaker and/or mounted adjacent to branch breakers.  Provide barriers to prevent contact
with the terminating terminals of the main breaker while connecting or disconnecting the wiring from the
branch breakers.

2.09 MOLDED CASE CIRCUIT BREAKERS

Circuit breakers shall be the bolt-on or I-Line type and shall conform to Federal Specifications W-C-375
(22 Jul 75.)  Single-pole breakers shall be full module size; two poles shall not be installed in a single
module.  Multipole circuit breakers shall be of the common-trip type having a single operating handle.

   A. Manufacturer:  The manufacturer shall be the same as that of the panelboard in which they are installed
whether the panelboard is new or existing.

   B. Ground Fault Circuit Interrupter (GFI) Circuit Breakers shall not be installed in lieu of individual GFI
receptacles.

   C. Lock-On Devices or Key Operated Breakers shall be provided for emergency circuits such as exit and
emergency lights even though not indicated on drawings.

1. Padlock handle attachments shall be provided for those breakers so indicated and all breakers
being used as motor-circuit disconnecting means even though not indicated.

   D. "SWD" Breakers:  Circuit breakers used to switch on and off 120 or 277 volt fluorescent lighting shall be
rated for switching duty and marked "SWD."

   E. Current Limiting Breakers shall be provided when so indicated and shall be supplied in unit molded case
construction.  The breaker shall consist of a common trip, thermal-magnetic circuit breaker with an
independently operating limiter section in series with each pole.  On fault currents below the threshold of
current limitation, the thermal-magnetic breaker section shall provide conventional overload and short
circuit protection.  Current limiting breakers when installed as the main breaker shall allow the use of
branch circuit breakers with lower interrupting capacities on systems capable of delivering fault currents
up to 100,000 Amps.

   F. Other Special Breakers such as visual trip, motor operated, etc, shall be supplied when indicated.

PART 3 EXECUTION

3.01 LOCATIONS

Panelboards shall be located in rooms or spaces dedicated to such equipment as indicated.  The dedicated
space shall be the space extending from floor to ceiling with a width and depth of the equipment including
the NEC required clearance.  No piping, ducts, or equipment foreign to the electrical equipment or
architectural furnishings shall be permitted to be installed in, enter, or pass through such spaces or rooms.

   A. Mounting Heights:  Panelboards shall be mounted so the height of the topmost circuit breaker at its
highest position will not exceed 78" from the floor.  Typically, mount the top of the enclosure at 6-feet
AFF.

   B. Cover:  Each panelboard shall be provided with a cover.  In all cases the cover shall be painted.  In
nonadministrative areas, the color may be gray.  In administrative areas, field paint to match the wall
color.

   C. Outside Buildings, use NEMA 4X enclosures.
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   D. Inadequate Space:  When an approved panelboard will not fit into the space indicated, request directions
and proceed as directed.
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3.02 PANELBOARD SCHEDULES

Shall be provided for each panel as typed directories.

   A. Arrangement of breakers shall be as indicated in panelboard schedules.  Breakers shall be installed from
top-to-bottom with odd numbers installed on left side (facing panelboard) and even numbers on right side.
If a bottom fed panelboard is used, then the numbering shall be from bottom-to-top.  If a column mounted
panelboard or other panelboard with only one row of circuit breakers is used, the numbering shall be from
top-to-bottom except in a bottom fed panelboard, the numbering shall be from bottom-to-top.

   B. Single Column:  If the frame size of a breaker dictates that only a single row or column of breakers be
installed for some or all of the breakers, install the breakers per approved layout drawings.

* * * END OF SECTION * * *
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SECTION 16511
INTERIOR LIGHTING

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Interior lighting fixtures
2. Lamps
3. Ballasts
4. Emergency lighting units
5. Accessories.

1.02 DEFINITIONS

   A. Emergency Lighting Unit:  Fixture with integral emergency battery-powered supply and means for
controlling and charging battery.  Also known as an emergency light set.

   B. Fixture:  Complete lighting unit, exit sign, or emergency lighting unit.  Fixtures include lamps and parts
required to distribute light, position and protect lamps, and connect lamps to power supply.  Internal
battery-powered exit signs and emergency lighting units also include battery and means for controlling
and recharging battery.  Emergency lighting units include ones with and without integral lamp heads.

   C. Average Life:  Time after which 50% fails and 50% survives under normal conditions.

1.03 SUBMITTALS

   A. Product Data

1. Describe fixtures, lamps, ballasts, and emergency lighting units.  Arrange Product Data for
fixtures in order of fixture designation. 

2. Include data on features and accessories and following:

a. Outline drawings indicating dimensions and principal features of fixtures.
b. Electrical Ratings and Photometric Data:  Certified results of laboratory tests for fixtures

and lamps.
c.    Battery and charger data for emergency lighting units.

   B. Maintenance and Operating Data (O&M):

1. Maintenance data for fixtures to include operation and maintenance information.

   C. Submit in accordance with Section 01300.

1.04 QUALITY ASSURANCE

   A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing
Laboratory (NRTL).

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
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3. Special Listing and Labeling:  Provide fixtures for use in damp or wet locations, underwater, and
recessed in combustible construction that are specifically listed and labeled for such use.  Provide
fixtures for use in hazardous (classified) locations that are listed and labeled for specific hazard.

   B. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply with National Fire
Protection Association (NFPA) 70.

   C. Fixtures for Hazardous Locations:  Conform to UL 844.  Provide units that have Factory Mutual
Engineering and Research Corporation (FM) certification for indicated class and division of hazard.

   D. Coordinate fixtures, mounting hardware, and trim with ceiling system and other items, including work
of other trades, required to be mounted on ceiling or in ceiling space.

1.05 WARRANTY

   A. Special Warranty for Batteries:  Submit written warranty executed by manufacturer agreeing to replace
rechargeable system batteries that fail in materials or workmanship within the specified warranty period.

1. Special Warranty Period:  Manufacturer's standard but not less than 10 yrs after date of
Substantial Completion.  Full warranty shall apply for first year, and prorated warranty for last
9 yrs.

1.06 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed, are packaged with protective
covering for storage, and are identified with labels describing contents.

1. Lamps:  10 lamps for every 100 of each type and rating installed.  Furnish at least 1 of each type.
2. Plastic Diffusers and Lenses:  1 for every 100 of each type and rating installed.  Furnish at least 1

of each type.
3. Ballasts:  1 for every 100 of each type and rating installed.  Furnish at least 1 of each type.
4. Globes and Guards:  1 for every 20 of each type and rating installed.  Furnish at least 1 of each

type.

PART 2 PRODUCTS

2.01 FIXTURES AND FIXTURE COMPONENTS

   A. Metal Parts:  Free from burrs, sharp corners, and edges.

   B. Sheet Metal Components:  Steel, except as indicated.  Form and support to prevent warping and sagging.

   C. Doors, Frames, and Other Internal Access:  Smooth operating, free from light leakage under operating
conditions, and arranged to permit relamping without use of tools.  Arrange doors, frames, lenses,
diffusers, and other pieces to prevent accidental falling during relamping and when secured in operating
position.

   D. Reflecting Surfaces:  Minimum reflectance as follows, except as otherwise indicated:

1. White Surfaces:  85%.
2. Specular Surfaces:  83%.
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3. Diffusing Specular Surfaces:  75%.
4. Laminated Silver Metallized Film:  90%.

   E. Lenses, Diffusers, Covers, and Globes:  100% virgin acrylic plastic or water white, annealed crystal
glass, except as otherwise indicated.

1. Plastic:  High resistance to yellowing and other changes due to aging, exposure to heat, and UV
radiation.

2. Lens Thickness:  0.125 in. (3 mm) minimum; except where greater thickness is indicated.

   F. Fixture Support Components: 

1. Single-Stem Hangers:  1/2 in. (12 mm) steel tubing with swivel ball fitting and ceiling canopy. 
Finish same as fixture.

2. Twin-Stem Hangers:  Two, 1/2 in. (12 mm) steel tubes with single canopy arranged to mount a
single fixture.  Finish same as fixture.

3. Rod Hangers:  3/16 in. (5 mm) minimum diameter, zinc-plated, threaded steel rod.
4. Hook Hanger:  Integrated assembly matched to fixture and line voltage and equipped with

threaded attachment, cord, and locking-type plug.

   G. Fluorescent Fixtures:  Conform to UL 1570.

   H. Fluorescent Ballasts:  Electronic integrated circuit, solid-state, full-light-output, energy-efficient type
compatible with lamps and lamp combinations to which connected.

1. Certification by Electrical Testing Laboratory (ETL).
2. Labeling by Certified Ballast Manufacturers Association (CBM).
3. Type:  Class P, high power factor, except as otherwise indicated.
4. Sound Rating:  "A" rating, except as otherwise indicated.
5. Voltage:  Match connected circuits.
6. Lamp Flicker:  Less than 5%.
7. Minimum Power Factor:  90%.
8. Total Harmonic Distortion (THD) of Ballast Current:  Less than 20%.
9. Conform to FCC Regulations Part 15, Subpart J for electromagnetic interference.
10. Conform to IEEE C62.41, Category A, for resistance to voltage surges for normal and common

modes.
11. Multilamp Ballasts:  Use 2, 3, or 4 lamp ballasts for multilamp fixtures where possible.
12. Lamp-ballast connection method does not reduce normal rated life of lamps.

   I. High-Intensity-Discharge (HID) Fixtures:  Conform to UL 1572.

   J. HID Ballasts:  Conform to UL 1029 and ANSI C82.4.  Include following features, except as otherwise
indicated.

1. Constant wattage autotransformer (CWA) or regulating high-power-factor type, unless otherwise
indicated.

2. Operating Voltage:  Match system voltage.
3. Single-Lamp Ballasts:  Minimum starting temperature of minus 30EC.
4. Normal Ambient Operating Temperature:  40EC.
5. Open circuit operation will not reduce average life.

6. High-Pressure Sodium (HPS) Ballasts:  Equip with a solid-state igniter/starter having an average
life in pulsing mode of 10,000 hrs at an igniter/starter case temperature of 90EC.
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   K. Incandescent Fixtures:  Conform to UL 1571.
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   L. Exit Signs:  Conform to UL 924 and following:

1. Sign Colors:  Conform to local code.
2. Minimum Height of Letters:  Conform to local code.
3. Arrows:  Include as indicated.

  M. Self-Powered Exit Signs (Battery Type):  Integral automatic high/low trickle charger in self-contained
power pack.

1. Battery:  Sealed, maintenance-free, nickel-cadmium type with special warranty.

   N. Emergency Lighting Units:  Conform to UL 924.  Provide self-contained units with following features:

1. Battery:  Sealed, maintenance-free, lead-acid type with minimum 10 yr nominal life and special
warranty.

2. Charger:  Minimum 2-rate, fully automatic, solid-state type, with sealed transfer relay.
3. Operation:  Relay automatically turns lamp on when supply circuit voltage drops to 80% of

nominal voltage or below.  Lamp automatically disconnects from battery when voltage approaches
deep-discharge level.  Relay disconnects lamps and battery and automatically recharges and floats
on trickle charger when normal voltage is restored.

4. Time-Delay Relay:  Provide time-delay relay in emergency lighting unit control circuit arranged
to hold unit ON for fixed interval after restoration of power after  outage.  Provide adequate time
delay to permit HID lamps to restrike and develop adequate output.

2.02 LAMPS

   A. Comply with ANSI C78 series that is applicable to each type of lamp.

   B. Fluorescent Color Temperature and Minimum Color-Rendering Index (CRI):  3500 K and 85 CRI,
except as otherwise indicated.

   C. Noncompact Fluorescent Lamp Life:  Rated average is 20,000 hrs at 3 hrs per start when used on rapid
start circuits.

   D. Metal Halide Color Temperature and Minimum Color-Rendering Index (CRI):  3600 K and 70 CRI,
except as otherwise indicated.

2.03 FINISHES

   A. Manufacturer's standard, except as otherwise indicated, applied over corrosion-resistant treatment or
primer, free of streaks, runs, holidays, stains, blisters, and similar defects.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Set units plumb, square, and level with ceiling and walls, and secure according to manufacturer's written
instructions and approved Shop Drawings.

   B. Support for Recessed and Semirecessed Grid-Type Fluorescent Fixtures:  Support Units from suspended
ceiling support system.  Install ceiling support system rods or wires at minimum of 4 rods or wires for
each fixture, located not more than 6 in. (150 mm) from fixture corners.
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1. Install support clips for recessed fixtures, securely fastened to ceiling grid members, at or near
each fixture corner.

2. Fixtures Smaller than Ceiling Grid:  Install minimum of 4 rods or wires for each fixture and
locate at corner of ceiling grid where fixture is located.  Do not support fixtures by ceiling
acoustical panels.

3. Fixtures of Sizes Less than Ceiling Grid:  Center in acoustical panel.  Support fixtures
independently with at least two 3/4 in. (20 mm) metal channels spanning and secured to ceiling
tees.

   C. Support for Suspended Fixtures:  Brace pendants and rods over 48 in. (1200 mm) long to limit swinging.
 Support stem-mounted, single-unit, suspended fluorescent fixtures with twin-stem hangers.  For
continuous rows, use tubing or stem for wiring at one point and tubing or rod for suspension for each
unit length of chassis, including one at each end.

   D. Lamping:  Where specific lamp designations are not indicated, lamp units according to manufacturer's
instructions.

3.02 CONNECTIONS

   A. Ground lighting units.  Tighten electrical connectors and terminals, including grounding connections,
according to manufacturer's published torque-tightening values.  Where manufacturer's torque values are
not indicated, use those specified in UL 486A.

3.03 FIELD QUALITY CONTROL

  A. Inspect each installed fixture for damage.  Replaced damaged fixtures and components.

1. Verify normal operation of each fixture after fixtures have been installed and circuits have been
energized with normal power source.

2. Give advance notice of dates and times for field tests.
3. Provide instruments to make and record test results.
4. Interrupt electrical energy to demonstrate proper operation of emergency lighting installation. 

Include following information in tests of emergency lighting equipment:

a. Duration of supply.
b. Low battery voltage shutdown.
c. Normal transfer to battery source and retransfer to normal.
d. Low supply voltage transfer.
e. Replace or repair malfunctioning fixtures and components, then retest.  Repeat procedure

until all units operate properly.
f. Report results of tests.

   B. Replace fixtures that show evidence of corrosion during Project warranty period.

3.04 ADJUSTING AND CLEANING

   A. Clean fixtures after installation.  Use methods and materials recommended by manufacturer.

   B. Adjust aimable fixtures to provide required light intensities.

* * * END OF SECTION * * *
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SECTION 16900
INSTRUMENTATION AND CONTROLS

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. General provisions and requirements for instrumentation and control equipment and systems.

   B. Work of this Section shall comply with Section 13440.

1.02 DEFINITIONS

   A. Instrument Manufacturer:  Manufacturer of process control instrumentation such as recorders,
controllers, indicators, and associated electronic accessories.

   B. Systems House: Supplier whose principle function is design, manufacture, and service of instrumentation
and control (I&C) systems.

 C. Process Control System: Portion of I&C system including PLCs and I/O subsystems, data highways,
local area network, computers, PLC programmer unit, and software.

1.03 SYSTEM DESCRIPTION

   A. Provide instrumentation and control system, as coordinated product of single Supplier, consisting of:

1. Process Control System.
2. Conventional Panels.
3. Field Instruments and Panels.

   B. Unless otherwise specified, provide wiring of instrumentation and controls specified in Divisions 11
and 13.

1.04 QUALITY ASSURANCE

   A. Standardization:

1. Equipment shall be latest model or version available at time bids are opened, unless otherwise
noted.

2. When more than one I&C equipment component of like function is required, end products shall
be of single manufacturer to achieve standardization for maintenance, spare parts, operation, and
service.

3. Maintain consistent front of panel layout for panels specified in this section.

   B. Experience:

1. Systems House shall have at least 5 yrs experience in design, manufacture, installation, and
successful operation of instrumentation systems similar to specified.
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PART 2 PRODUCTS

2.01 SYSTEMS HOUSE

   A. Proformance Group Inc., PGI.

   B. Industrial Power Systems, IPS.

   C. Or Equal.

2.02 EQUIPMENT

   A. Equipment provided under this section includes following:

1. Main Instrument and Control Panel:  Section 16910.
2. Field Instrumentation and Control Devices:  Section 16912.
3. Field Instrumentation and Control Panels:  Section 16915.
4. PC/PLC Control System:  Section 16916.
5. General Provisions for Instrumentation and Control:  Section 13440.

2.03 SOURCE QUALITY CONTROL

   A. Inspect instrumentation devices at factory prior to shipment.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install and wire in accordance with manufacturer's written instructions and approved submittals.

3.02 FIELD QUALITY CONTROL

   A. Systems House's Field Services:

1. Systems House shall provide services of qualified service engineer to supervise and inspect
equipment installation to ensure system is installed in accordance with System House's
recommendations.

2. Systems House shall field calibrate equipment at request of CONTRACTING OFFICER at time of
complete plant startup on loop-by-loop basis.  Submit calibration certificate to CONTRACTING
OFFICER for each piece of equipment.  Make adjustments necessary to place equipment in
satisfactory operation.

3. Systems House's engineer for equipment specified herein shall be present at job site or classroom
designated by GOVERNMENT for mandays indicated, travel time excluded, for assistance during
plant construction, plant startup, equipment adjustment, and training of GOVERNMENT’S
personnel for plant operation.  Include minimum of:

a. 7  mandays for Installation Services.
b. 3  mandays for Instructional Services.
c. 2  mandays for Post Startup Services.
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4. Systems House's engineer shall direct services to system and equipment operation, maintenance,
troubleshooting, and equipment and system related areas other than process design and
philosophy.  See Section 01600.

5. Systems House shall provide during first year, after substantial completion of system , 2 - 8 hr.
service calls for preventative maintenance and to make necessary adjustments to system on a no
charge basis.

   B. Testing:

1. Field Component Testing:

a. Loop-by-loop testing from field devices to control panel device.

1) Calibrate device to correct range for analog signals.
2) Calibrate device to correct scaling function for discrete signals.

2. Conventional Panel Testing:

a. Control logic for conventional panels shall comply with written functional description.

3. PLC Panel Testing:

a. Control strategy for PLC panels shall comply with written functional description.
b. Loop-by-loop testing from field device to PLC register.

4. PC Panel Testing:

a. Control strategy for PC panels shall comply with written functional description.
b. Alarm panel functions shall comply with written functional description.
c. Alarm printer shall function with PC and operating system to record alarms.

* * * END OF SECTION * * *
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SECTION 16910
MAIN INSTRUMENT PANEL

PART 1 GENERAL

1.01 SUMMARY

   A. Items specified in this section shall conform to general requirements of Section 16900.

PART 2 PRODUCTS

2.01 INSTRUMENTATION AND CONTROL (I&C) EQUIPMENT

   A. Equipment provided in this section shall conform to following.

1. General Provisions for Instrumentation and Control: Section 13440.
2. Instrument and Control Panel Construction:  Section 13442.
3. Electronic Panel Instrument :  Section 13452.
4. Panel and Devices:  Section 13453.
5. Programmable Logic Controller:  Section 13464.

2.02 MODIFICATIONS TO EXISTING MIP AND PLC

   A. Mount and wire new instruments and other necessary new equipment to terminal connections within
panel.

   B. Panel shall contain analog monitoring and control, digital monitoring, and control equipment.

   C. Install PLC components as specified. Add additional PLC I/O racks and modules as required to accept
new I/O as shown on drawings and described in specs. Rearrange existing I/O as required to accept new
equipment. Provide new termination blocks as required for wiring of new I/O and panel devices.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install and wire in accordance with manufacturer's written instructions and approved submittals.

* * * END OF SECTION * * *
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SECTION 16912
FIELD INSTRUMENTS

PART 1 GENERAL

1.01 SUMMARY

   A. Items specified in this section shall conform to general requirements of Section 16900.

PART 2 PRODUCTS

2.01 INSTRUMENTATION AND CONTROL (I&C) EQUIPMENT

   A. Equipment provided in this section shall conform to following.

1. Instrument and Control Panel Construction:  Section 13442.
2. Pilot and Miscellaneous Control Devices:  Section 13453.
3. Electronic Transmitter:  Section 13459.

2.02 START/STOP PUSHBUTTON STATIONS

   A. Provide start pushbutton with momentary contact, and stop pushbutton with lockout.

Tag Description Equipment

HS-9-2-1 Containment Area Sump Pump P-9-2-1

HS-9-2-2 Truck Unloading Area Sump Pump P-9-2-2

HS-8-2-1 Containment Area Sump Pump P-8-2-1

HS-8-2-2 Truck Unloading Area Sump Pump P-8-2-2

2.03 FLOAT TYPE LEVEL SWITCH

   A. Provide float level switches as shown on Drawings and as specified herein.

Tag Description Equipment Installation Elevation

LSL 8-1-10 Interceptor Trench Pump Station 263.00

LSH 8-1-10 Interceptor Trench Pump Station 268.00

LSHH 8-1-10 Interceptor Trench Pump Station 272.00

LSL 8-1-11 Leachate Transfer Pump Station 279.50

LSH 8-1-11 Leachate Transfer Pump Station 285.00

LSHH 8-1-11 Leachate Transfer Pump Station 288.00
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2.04 CABLE SUSPENDED LEVEL TRANSMITTER

   A. Provide submersible level transmitter as shown on Drawings and as specified herein.

Tag Description Equipment Range Ft.

LE/LT 8-1-1 LF03 Extraction Well EW-1 0-100

LE/LT 8-1-2 LF03 Extraction Well EW-2 0-100

LE/LT 8-1-3 LF03 Extraction Well EW-3 0-100

LE/LT 8-1-4 LF03 Extraction Well EW-4 0-100

LE/LT 8-1-5 LF03 Extraction Well EW-5 0-100

LE/LT 8-1-6 LF03 Extraction Well EW-6 0-100

LE/LT 8-1-7 LF03 Extraction Well EW-7 0-100

LE/LT 8-1-8 LF03 Extraction Well EW-8 0-100

LE/LT 8-1-9 LF03 Extraction Well EW-9 0-100

LE/LT 9-1-1 OT17 Extraction Well EW-1 0-100

LE/LT 9-1-2 OT17 Extraction Well EW-2 0-100

LE/LT 9-1-3 OT17 Extraction Well EW-3 0-100

LE/LT 9-1-4 OT17 Extraction Well EW-4 0-100

LE/LT 9-1-5 OT17 Extraction Well EW-5 0-100

2.05 CAPACITANCE PROBE LEVEL ELEMENTS

   A. Provide capacitance probes as shown on Drawings and as specified herein.

Tag Description Equipment * REF
 (IN.)

* HIGH-LEVEL
(IN.)

LE-7-1-11 Leak Detection Manhole #11 6 12

LE-7-1-18 Leak Detection Manhole #18 6 12

LE-7-2-5 Leak Detection Manhole #5 6 12

LE-7-2-7 Leak Detection Manhole #7 6 12

LE-7-2-9 Leak Detection Manhole #9 6 12

LE-7-2-10 Leak Detection Manhole #10 6 12

LE-7-2-13 Leak Detection Manhole #13 6 12

LE-7-2-15 Leak Detection Manhole #15 6 12

LE-7-2-16 Leak Detection Manhole #16 6 12
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Tag Description Equipment * REF
 (IN.)

* HIGH-LEVEL
(IN.)

LE-7-2-21 Leak Detection Manhole #21 6 12

LE-7-2-23 Leak Detection Manhole #23 6 12

* Measured up from bottom of manhole.

2.06 INTEGRALLY MOUNTED MAGNETIC FLOAT SWITCHES

   A. Provide integrally mounted magnetic float switches.

Tag Description Equipment * Activation Level
(IN.)

LSH 10-3-1 SVE Moisture Separator Tank 27

LSH 10-3-1 SVE Moisture Separator Tank 45

LSHH 10-3-1 SVE Moisture Separator Tank 54

* Measured up from concrete support slab.

2.08 AUDIBLE ALARM HORN

   A. Provide audible alarm horn as shown on Drawings and as specified herein.

Tag Description Equipment Range
(ft)

YA-8-2-2 LF-03 Peroxide Storage Tank High
level alarm

7

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install and wire in accordance with Drawings, manufacturer's written instructions, and approved
submittals.

* * * END OF SECTION * * *
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SECTION 16915
MISCELLANEOUS INSTRUMENT PANELS

PART 1 GENERAL

1.01 SUMMARY

   A. Items specified in this section shall conform to general requirements of Section 16900.

   B. Section, in conjunction with P&IDs, describes miscellaneous I&C panels and remote devices.

   C. Provide Run/Fail alarm, and equipment status functions in general conformance with Section 13440.

   D. Unless otherwise specified, "Run" signals shall be derived from motor starter normally open auxiliary
contacts.

PART 2 PRODUCTS

2.01 INSTRUMENTATION AND CONTROL (I&C) EQUIPMENT

   A. Equipment provided in this section shall conform to following.

1. General Provisions for Instrumentation and Controls:  Section 13440.
2. Instrument and Control Panel Construction:  Section 13442.
3. Miniature Electronic Panel Instrument Accessories:  Section 13452
4. Pilot and Miscellaneous Control Devices:  Section 13453.
5. Electronic Transmitters:  Section 13459.

   B. Identify equipment on panel with indication as follows.

1. Light Off:  Equipment not running.
2. Green Light On: Equipment Off / Closed / Stopped.
3. Amber Light On or Flashing:  Unit failure when called to operate, but not operating due to power

failure, overload, breaker, disconnect, or remote switch calling for unit to stop. Indication of other
process alarm condition.

a. Provide parallel "required" contact wired to panel for items such as pumps and valves.
b. Provide necessary relay logic and adjustable timers to sense discrepancy between "required"

and "running" and activate respective "Run" and "Fail" light from these signals.

4. Red Light On:  Indicate equipment On / Open / Running.
5. R/F:  Run and Fail.
6. References to "selector switch" under panel component descriptions refers to maintained contact

type switches.  Loss and return of control power to circuit does not change control mode or
requirement as per switch position.

7. Reference to "pushbutton" under panel component descriptions refers to momentary contact type
switches, which, unless specified, otherwise shall require electrical interlock.  Loss of control
power shall, unless specified otherwise, result in loss of electrical interlock and stoppage of
previous mode of operation.



020499 16915-2 WRALC/EMQ - 202858

2.02 SLUDGE TRANSFER PUMP CONTROL PANEL LCP-1-7-1

   A. General:  Provide sludge transfer pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 4X.
2. Wall mounted.
3. Heater:  Provide thermostatically controlled heater capable of maintaining internal panel

temperature of 60 degrees F when ambient temperature is 20 degrees F).
4. 120 vac 60 Hz power.

   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-1-7-1-1, -2-1 Momentary Contact Pushbuttons START

HS-1-7-1-2, -2-2 Selector Switchs LOCAL REMOTE

HS-1-7-1-3, -2-3 Maintain Pushbuttons LOCK-OUT STOP

HS-1-7-1-4, -2-4 Momentary Contact Pushbutton RESET

YL-1-7-1-1, -2-1 Pilot Light/ RUN

YL-1-7-1-2, -2-2 Pilot Light/FAIL

   D. Functional Description:

1. HS-1-7-1-3, -2-3 is selector switch to choose between LOCAL (from this panel) or REMOTE
(from MIP) control of sludge pump.

2. HS-1-7-1-3, -2-3 are separate START momentary contact pushbuttons which control P-1-7-1,-2
when HS-1-7-1-3, -2-3 is in LOCAL position.

3. HS-1-7-1-4 are maintain position lock out stop pushbuttons that shall stop the pump in either local
or remote mode.

4. Panel shall receive high pump discharge pressure signal from dry contact in PSH-1-7-1, -2.
Activation of PSH-1-7-1, -2 shall stop respective pump. Manual reset shall be required to restart
pump using HS-1-7-1-4, -2-4.

5. Provide unpowered dry contacts for transmission of following signals to MIP:

a. Run (2).
b. Pump Fail (2).
c. High Pressure (2).

6. Receive pump required signals (2) from dry contact provided in MIP.

2.03 LF03 WELL PUMP CONTROL PANEL LF03-LCP-8-1

   A. General:  Provide well pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 12.
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2. Wall mounted.
3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. Power supplies for LE/LT.
5. 120 vac 60 Hz power.
6. Motor service rated control relay for chemical feed pump power.
7. Leak Detect relays.

   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-8-2-2-1 Momentary Contact Pushbutton RESET

HS-8-2-2-1 Momentary Contact Pushbutton
ACKNOWLEDGE

HS-8-1-1-2, -2-2, -3-2, -4-2, -5-2, -6-2, -7-2 Momentary Contact Pushbuttons START / STOP

HS-1-1-1, -2-1, -3-1, -4-1, -5-1, -6-1, -7-1 Selector Switch/LOCAL REMOTE

YL-8-2-2-1 Chemical Tank LEVEL Indication

YL-8-2-2 Pilot Light/TANK HIGH LEVEL

YL-7-2-13-1 Pilot Light/LEAK DETECTION MANHOLE 13

YL-7-2-15-1 Pilot Light/LEAK DETECTION MANHOLE 15

YL-7-2-16-1 Pilot Light/LEAK DETECTION MANHOLE 16

LI-8-1-1-1, -2-1, -3-1, -4-1, -5-1, -6-1, -7-1 Level Indicator/EXTRACTION WELLS 1-7

   D. Rear of Panel Mounted Devices:

Designation Description/Nameplates

LSH-7-2-13 Level Switch
LEAK DETECTION MANHOLE 13

LSH-7-2-15 Level Switch
LEAK DETECTION MANHOLE 15

LSH-7-2-16 Level Switch
LEAK DETECTION MANHOLE 16

   E. Field Devices:

Designation Description/Nameplates

YA-8-2-2 Alarm Horn

LE-7-2-13 Leak Detect Element

LE-7-2-15 Leak Detect Element

LE-7-2-16 Leak Detect Element

Power Receptacle Power for chemical metering pump
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    F. Functional Description:

1. HS-8-1-1-1, -2-1, -3-1, -4-1, -5-1, -6-1, -7-1 is selector switch to choose between LOCAL (from
this panel) or REMOTE (from MIP) control of well

2. HS-8-1-1-2, -2-2, -3-2, -4-2, -5-2, -6-2, -7-2 are separate START/STOP momentary contact
pushbuttons which control LFO3-EW-1, -2, -3, -4, -5, -6, -7 when HS-1-1-1, -2-1, -3-1, -4-1, -5-
1, -6-1, -7-1 is in LOCAL position.

3. Panel supplies 24 vdc power for level transducers. Panel receives 4 –20 mAdc signals for level
and flow. Panel shall display each well level.

4. Panel receives 4 – 20 mAdc signal from chemical storage tank and displays level. Panel shall
provide signal to high chemical tank alarm horn when high level in chemical tank is reached.
Acknowledge pushbutton shall silence horn. Reset shall clear alarm.

5. Panel shall monitor chemical pump run signal from pump power contactor and provide pump
inhibit contact for control circuit.

6. Leak detect relays in panel shall illuminate light at panel. Leak detect signals shall be sent to
MIP.

7. Signals sent to MIP over communication network:

a. Flow Rate for each well.
b. Level each well and chemical tank.
c. Pump Run each well.
d. Pump Fail each well.
e. Leak Detects.

8. Signals received from MIP over communication network:

a. Pump Required.
b. Pump Inhibit.

2.04 LF03 WELL PUMP CONTROL PANEL LF03-LCP-8-2

   A. General:  Provide well pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 4X.
2. Wall mounted.
3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. Power supply for LE/LT.
5. 120 vac 60 Hz power.

   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-8-1-8-2, -9-2, -10-2, -11-2 Momentary Contact Pushbuttons START / STOP

HS-8-1-8-1, -9-1, -10-1, -11-1 Selector Switch/LOCAL REMOTE

LI-8-1-8-1, -9-1 Level Indicator/EXTRACTION WELLS 8 and 9
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D. Field Devices:

Designation Description/Nameplates

LSHH-8-1-10 Interceptor Trench HIGH LEVEL

LSH-8-1-10 Interceptor Trench Pump ON LEVEL

LSH-8-1-10 Interceptor Trench Pump OFF LEVEL

LSHH-8-1-11 Transfer Station HIGH LEVEL

LSH-8-1-11 Transfer Station Pump ON LEVEL

LSH-8-1-11 Transfer Station Pump OFF LEVEL

    E. Functional Description:

1. HS-8-1-8-1, -9-1is selector switch to choose between LOCAL (from this panel) or REMOTE
(from MIP) control of well

2. HS-8-1-8-2, -9-2 are separate START/STOP momentary contact pushbuttons which control LFO3-
EW-8, -9 when HS-8-1-8-1, -9-1 is in LOCAL position.

3. HS-8-1-10-1, -11-1 are HAND / OFF / AUTO selector switches for control of Interceptor and
Transfer pumps. In HAND pump shall run untill manually turned off. In OFF position pumps
shall not run. In AUTO position the pumps shall operate based on pump on and off floats. In
AUTO position a signal from MIP shall start or stop pump, operating pump shall stop at pump off
float activation.

4. Panel supplies 24 vdc power for level transducers. Panel receives 4 –20 mAdc signals for level and
flow. Panel shall display each well level.

5. Signals sent to MIP over communication network:

a. Flow Rate for each well.
b. Level each well. (LF03 8, 9)
c. Pump Run each well.
d. Pump Fail each well.
e. Interceptor trench, transfer station high level.

6. Signals received from MIP over communication network:

a. Pump Required.
b. Pump Inhibit.

2.05 JUNCTION STRUCTURE CONTROL PANEL JS-LCP-7-1

   A. General:  Provide well pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 4X.
2. Wall mounted.
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3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. 120 vac 60 Hz power.
5. Leak Detect Relays.

   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-7-1-1-3, -2-3 Selector Switch/LOCAL REMOTE

HS-7-1-1-4, -2-4 2 Position Selector Switch/OPEN CLOSE

YL-7-1-1-1, -2-1 Pilot Lights/VALVE OPEN

YL-7-1-1-2, -2-2 Pilot Lights/VALVE CLOSED

YL-7-1-1-3, -2-3 Pilot Lights/VALVE IN REMOTE

YL-7-2-5-1 Pilot Light/LEAK DETECTION MANHOLE 5

YL-7-2-7-1 Pilot Light/ LEAK DETECTION MANHOLE 7

YL-7-2-9-1 Pilot Light/ LEAK DETECTION MANHOLE 9

YL-7-2-10-1 Pilot Light/ LEAK DETECTION MANHOLE 10

YL-7-2-11-1 Pilot Light/ LEAK DETECTION MANHOLE 11

YL-7-2-18-1 Pilot Light/ LEAK DETECTION MANHOLE 18

   D. Rear of Panel Mounted Devices:

Designation Description/Nameplates

LSH-7-2-5 Level Switch
LEAK DETECTION MANHOLE 5

LSH-7-2-7 Level Switch
LEAK DETECTION MANHOLE 7

LSH-7-2-9 Level Switch
LEAK DETECTION MANHOLE 9

LSH-7-2-10 Level Switch
LEAK DETECTION MANHOLE 10

LSH-7-2-11 Level Switch
LEAK DETECTION MANHOLE 11

LSH-7-2-18 Level Switch
LEAK DETECTION MANHOLE 18
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E. Field Devices:

Designation Description/Nameplates

LE-7-2-5 Leak Detect Element

LE-7-2-7 Leak Detect Element

LE-7-2-9 Leak Detect Element

LE-7-2-10 Leak Detect Element

LE-7-2-11 Leak Detect Element

LE-7-2-18 Leak Detect Element

   F. Functional Description:

1. HS-7-1-1-3, -2-3 is selector switch to choose between LOCAL (from this panel) or REMOTE
(from MIP) control of well

2. HS-7-1-1-4, -2-4 is 2 position selector switch which controls open/close position of isolation
valves, FV-7-1-1, -2, when HS-7-1-1-3, -2-3  are in LOCAL position and valve hand switch is in
REMOTE.

3. With valve hand switch in REMOTE and Panel hand switch in REMOTE, the flow valves are
controlled from the MIP.

4. Panel shall provide monitoring of leak detects. Leak detect light is illuminated by leak detect
relay.

5. Send following signals to MIP over the communication network:

a. Valve positions, open and closed (4).
b. Valve in REMOTE (2).
c. Leak detect (6).

6. Receive following signals from MIP over the communication network:

a. Valve open (2).
b. Valve close (2).

2.06 OT17 EXTRACTION WELL CONTROL PANEL OT17-LCP-9-1

   A. General:  Provide well pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 4X.
2. Wall mounted.
3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. Power supply for LE/LT.
5. Motor service rated control relay for chemical feed pump power; truck unloading and containment

area pumps.
6. 120 vac 60 Hz power.
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   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-9-1-1-2 Momentary Contact Pushbutton/START STOP

HS-9-1-1-1 Selector Switch/LOCAL REMOTE

YA-9-2-2 Chemical Tank High Alarm Horn

HS-9-2-2-1 Alarm Acknowledge pushbutton

HS-9-2-2-2 Alarm Reset pushbutton

LI-9-1-1-1 Level Indicator/WELL EW-1

FI-9-1-1-1 Flow Indicator/WELL EW-1

   D. Functional Description:

1. HS-9-1-1-1 is selector switch to choose between LOCAL (from this panel) or REMOTE (from
MIP) control of well

2. HS-9-1-1-2 are separate START/STOP momentary contact pushbuttons which control OT17-EW-
1 when HS-9-1-2-1 is in LOCAL position.

3. Panel supplies 24 vdc power for level transducer. Panel receives 4 –20 mAdc signals for level and
flow. Panel shall display  well level and flow.

4. Panel receives 4 – 20 mAdc signal from chemical storage tank and displays level. Panel shall
provide signal to chemical tank, high, alarm horn when high level in chemical tank is reached.
Acknowledge pushbutton shall silence horn. Reset shall clear alarm.

5. Panel shall monitor chemical pump run signal from pump power contactor and provide pump
inhibit contact for control circuit.

6. Signals sent to MIP over the communication network:

a. Flow Rate for  well.
b. Level, well and chemical tank.
c. Pump Run.
d. Pump Fail.

7. Signals received from MIP over the communication network:

a. Pump Required.
b. Pump Inhibit.

8.    Additional controls:

Panel shall provide motor rated contactors for truck unloading and containment area pumps.
Field mounted start-stop lockout hand switches control operation of these pumps.

2.07 OT17 EXTRACTION WELL CONTROL PANEL OT17-LCP-9-2

   A. General:  Provide well pump control panel as shown on drawings and specified herein.
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B. Panel:

1. NEMA 4X.
2. Wall mounted.
3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. Power supply for LE/LT.
5. 120 vac 60 Hz power.
6. Leak Detect relays.

   C. Front of Panel Mounted Devices:

Designation Description/Nameplates

HS-9-1-2-2 Momentary Contact Pushbutton/START STOP

HS-9-1-2-1 Selector Switch/LOCAL REMOTE

LI-9-1-2-1 Level Indicator/WELL EW-2

FI-9-1-2-1 Flow Indicator/WELL EW-2

YL-7-2-21-1 Pilot Light/ LEAK DETECTION MANHOLE 21

YL-7-2-23-1 Pilot Light/ LEAK DETECTION MANHOLE 23

   D. Rear of Panel Mounted Devices:

Designation Description/Nameplates

LSH-7-2-21 Level Switch/LEAK DETECTION MANHOLE
21

LSH-7-2-23 Level Switch/LEAK DETECTION MANHOLE
23

   E. Functional Description:

1. HS-9-1-2-1 is selector switch to choose between LOCAL (from this panel) or REMOTE (from
MIP) control of well

2. HS-9-1-2-2 are separate START/STOP momentary contact pushbuttons which control OT17-EW-
2 when HS-9-1-2-1  is in LOCAL position.

3. Panel supplies 24 vdc power for level transducer. Panel receives 4 –20 mAdc signals for level and
flow. Panel shall display  well level and flow.

4. Leak detect relays in panel shall illuminate light at panel. Leak detect signals shall be sent to MIP.
5. Signals sent to MIP over the communication network:

a. Flow Rate for each well.
b. Level each well and chemical tank.
c. Pump Run each well.
d. Pump Fail each well.
e. Leak Detects.
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6. Signals received from MIP over the communication network:

a. Pump Required.
b. Pump Inhibit.

2.08 OT17 EXTRACTION WELL CONTROL PANELS OT17-LCP-9-3, -4, -5

   A. General:  Provide well pump control panel as shown on drawings and specified herein.

   B. Panel:

1. NEMA 4X.
2. Wall mounted.
3. Remote PLC I/O modules that communicate to MIP-PLC using fiber optic cables.
4. Power supply for LE/LT.
5. 120 vac 60 Hz power.

   C. Front of Panel Mounted Devices:

NOTE: Following description for OT17-LCP-9-3, see PID’s for device identifications. Functional
description is same for each panel.

Designation Description/Nameplates

HS-9-1-3-2 Momentary Contact Pushbutton/START STOP

HS-9-1-3-1 Selector Switch/LOCAL REMOTE

LI-9-1-3-1 Level Indicator/WELL EW-3

FI-9-1-3-1 Flow Indicator/WELL EW-3

   D. Functional Description:

1. HS-9-1-1 is selector switch to choose between LOCAL (from this panel) or REMOTE (from MIP)
control of well

2. HS-9-1-1-2 are separate START/STOP momentary contact pushbuttons which control OT17-EW-
3 when HS-9-1-3-1 is in LOCAL position.

3. Panel supplies 24 vdc power for level transducer. Panel receives 4 –20 mAdc signals for level and
flow. Panel shall display  well level and flow.

4. Signals sent to MIP over the communication network:

a. Pump Run.
b. Pump Fail.
c. Well Level.
d. Well Flow.

5. Signals received from MIP over the communication network:

a. Pump Required.
b. Pump Inhibit.
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2.09 MODIFICATIONS TO EXISTING PANEL LCP-1-5-2

A. General:  Modify controls and panel to provide interlocks as shown on drawings and as specified herein.

1. High level in transfer tank, LSH-1-5-2, shall stop tanker unloading pump.  Pump must be manually
restarted when high level clears.

2. Low level in transfer tank, LSL-1-5-2, shall stop transfer pump P-1-5-2.  Equalization tank high
level shall stop transfer pump.

3. Receive follow in signals from MIP.
a. High level in equalization tank.

4. Send following signals to MIP:
a. Transfer tank high level.
b. Transfer tank low level.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install and wire in accordance with manufacturer's written instructions and approved submittals.

* * * END OF SECTION * * *
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SECTION 16916
PC/PLC CONTROL SYSTEM

PART 1 GENERAL

1.01 SUMMARY

   A. Section Includes:

1. Computerized Process Control System in conjunction with P&IDs.  Process control system
includes hardware and software modifications to integrate new systems into existing main
instrument panel (MIP) programmable logic controller (PLC), programming to integrate new
software requirements into existing PLC, operator interface (OIU) and personal computer.

   B. Conform to Section 16900.

1.02 DEFINITIONS

   A. Standard System: Standard system is one which is available at time of Bid, with fully tested, field
proven, software and hardware, full documentation, and prepared training classes so no development is
required beyond system configuration and application hardware.  Custom software and custom hardware
are not acceptable.

1.03 SYSTEM DESCRIPTION

   A. Design Requirements:

1. Process Control System shall include modifications to existing Programmable Logic Controllers
(PLCs) and operator interface unit (OIU).  Automatic control functions shall be configured in
PLC.   Process Control  system shall use existing I/O racks and subsystems to connect local and
remote instrumentation and control components.  GOVERNMENT will provide shop drawings for
existing control system.  Contractor shall field verify existing hardware and equipment against
shop drawing information.

2. Modifications to existing OIU computer functions shall include following.

a. Real-time data collection and graphical display.
b. Historical data storage and reporting.
c. Graphical trending displays of live data.
d. Graphical trending displays of archived historical data.
e. Alarm display and reporting.
f. Operator initiation of control function and setpoint data.

3. Local manual control equipment at process equipment independent from PLC system shall provide
third level of control.  Local operation of process equipment shall be included at or near field
device.  This third level shall provide maintenance and redundancy functions.

4. System shall consist of PLC connected via Data Highway to OIU.

5. Seven remote well and one isolation valve I/O systems connected to MIP PLC by fiber optic
cables.
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a. Data Highway shall provide peer-to-peer communication between PLCs and or devices
connected to system.  Operator interface units connected to local area network shall be
capable of accessing data from multiple PLCs in system.

b. Data Highway shall be provided separate from existing fiber networks to communicate with
panels indicated on the drawings.  New network shall include communication modules,
converters, termination panels and appurtenances for a complete and operating system.

6. System shall have minimum of 20% each type spare I/O points at each location.

7. Provide PLC and OIU configuration software as part of Process Control System.

8. Provide 24 vdc regulated power supplies as required to power analog instrumentation loops.

9. Provide application programming including but not limited to PLC ladder logic, OIU database,
graphic displays, and operator reports.  Reports and graphic displays shall be coordinated with
GOVERNMENT staff to determine references for format, and final content. Application
programming shall be based on functional descriptions, shared display functions indicated on
PIDs, and related drawings. All control and status indication items shown on PIDs are not
specifically described in the functional descriptions. The functional descriptions are intended to
present the control concepts of the PIDs. The application program shall provide all functions
described herein and shown on the PIDs.

10. Provide data communication equipment as follows.

a. Provide data highway system to interconnect PLCs to OIUs.
b. Provide remote (fiber optic) I/O link to connect PLCs to local and remote I/O sub-systems.

11. Provide process control system software as follows.

a. Provide PLC which allows deletion and addition of points without stopping control of
unaffected control strategies of PLCs.

b. Provide means to define and modify control logic.  Allow definition and linkage of
continuous control function and definition, update, and display of batch or sequential type
control strategies of PLCs.

c. Include database and report builder to store data and to define format and contents of
control room computer reports.

d. Provide on- and off-line diagnostics to monitor operating condition of equipment and to
assist in maintenance of failed equipment.

e. Provide plug in connections at each PLC location to allow future software changes.

12. Provide automatic printout of daily reports as described in Process Control Section.

   B. Performance Requirements:

1. Perform process control and monitoring and supervisory control using remote PLCs connected to
the MIP PLC.  Provide PLCs which, while tied into data highway, is able to function as stand-
alone system for its respective process area.  Ensure each PLC able to continue to function and
control its respective process area in event of loss of data highway or local area network
communications.  Each PLC shall be capable of following.

a. Receive analog data, convert to engineering units, process for alarms, and responsibility
checks and store.

b. Receive digital data, check for alarm and status change, and store.
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c. Perform control and arithmetic calculations, including software PID and or regulatory
control functions, based on system parameters and real-time data and output properly
conditioned control commands.

d. Perform sequential control functions.
e. Respond to operator requests for control commands and data.
f. Communicate with OIU over dedicated data highways.
g. Display plant activity with alphanumeric and color graphic displays of I/O associated with

respective PLC.

2. Control room computer shall receive process data acquired by PLCs and maintain database and be
capable of following.

a. Receive and store process data from PLCs.
b. Receive and store manually entered data such as operator changes.
c. Provide plant operating information system from which to generate reports and logs.
d. Provide displays of stored data.
e. Display plant activity with alphanumeric and color graphic displays.  Displays to

incorporate information shown on local OIU graphic screens.
f. Provide overall plant alarm and status monitoring system with visual and audible alarming.
g. Record alarms and events on screen, output log to printer, and store to file.
h. Process requests for changes to monitoring functions.
i. Display trends of logged analog data points.
j. Allow operator input of plant data not collected by process control system.

1.04 QUALITY ASSURANCE

   A. System hardware and software shall be provided and integrated by single Systems Integrator to provide
complete, fully functional, and tested system.

   B. Provide process control system hardware required to meet function of Specifications.  Configure
hardware to maximize process control system availability.  Provide fully operational system.

   C. Label hardware revision levels on equipment and spares installed.

1.05 SEQUENCING AND SCHEDULING

   A. Schedule and perform Work to minimize adverse effects on operation of GOVERNMENT's facilities.

PART 2 PRODUCTS

2.01 PROCESS CONTROL SYSTEM

   A. Equipment provided for Process Control System shall conform to following.

1. Instrumentation and Control Panel Construction:  Section 13442.
2. Programmable Logic Controller:  Section 13464.

2.02 MIP-PLC (GOVERNMENT PLC)

   A. Existing MIP-PLC shall control operation of treatment system.  MIP-PLC shall also interface with two
new vendor-supplied PLCs.  Pressure filters and UV reactors are each furnished with PLCs that control
their operation.  MIP-PLC shall display status signals and alarms generated by vendor supplied PLCs.
MIP-PLC controls operation of backwash pumps that are essential to operation of pressure filters. In
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addition, MIP-PLC controls operation of hydrogen peroxide dosing pumps which are essential to
operation of UV reactors.

   B. Existing MIP-PLC-OIU shall display both critical and non-critical alarms.  Critical alarms will be
annunciated by means of existing beacon and horn.  Critical alarms will result in shut-down of all
processes.  No additional  critical alarms shall be generated with the treatment system expansion.
Existing UV fail shall be combined with New UV system fail alarm for common UV system fail alarm.
Existing critical alarms include following:

1. Leak detected in underground groundwater piping;
2. Critical failure signal from UV PLC;
3. Failure of both influent pumps;
4. Effluent PH out of range.

   C. Critical alarms are also  wired to Existing Autodialer. Upon receipt of critical alarm, Autodialer will dial
selected phone numbers to alert person of system alarm.

D. Existing Non-critical alarms include:

1. High GAC differential pressure.
2. Equalization tan level low-low, high, or high-high:
3. Equalization tank mixer fail:
4. Influent pump failure;
5. Hydrogen peroxide storage tank level low, high, or high-high;
6. Hydrogen peroxide metering pump failure;
7. Sodium hydroxide storage tank level low, high, or high-high;
8. Sodium hydroxide metering pump failure;
9. Sulfuric acid storage tank level low, high, or high-high;
10. Sulfuric acid metering pump failure;
11. Backwash pump failure;
12. Neutralization tank mixer failure;
13. Neutralization tank level low, high, high-high;
14.  Compressed air header pressure low.
15.  IPC sludge transfer pump high discharge pressure.

   E. Non-critical alarms will not initiate shut-down of GWTS nor be relayed to Autodialer.

   F. Functional Description:

1. General:

a. Process shall be automatic control through use of programmable logic controller (PLC) and
an operator interface unit (OIU).  There shall be Hand-Off-Automatic control functions on
OIU for manual control of each piece of equipment.  There are Lockout-Stop switches at
each piece of equipment to stop equipment. In local control there is no interlocking with
field instruments and should be used for maintenance checkout only.  Through OIU,
operator has choice of full automatic control, where equipment is on or off based upon
control scheme described herein; or semi-automatic, where operator can start piece of
equipment, but it shall be stopped under  same conditions as if in full automatic control.

2. Well Pumps (LFO3 and OT17)

a. Well level and well flow shall be continuously monitored and displayed at OIU. Well
pumps shall be stopped on high equalization tank level or leak detector alarm in associated
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force main.  Total number of gallons for each pump shall be totalized and shall be part of
daily report. Pump status and totalized run time shall be displayed at MIP-OIU.

b. Provide Hand –Off-Auto control of well pumps from MIP-PLC. In Hand pump shall run
until stopped by low level set point. In Auto the pump shall operate based on start and stop
set points. In Off the pump shall not operate. Remote control of pumps requires that Local-
Remote switch in local panels be in Remote.

c. Listed belolw are the initial set points for the well pumps.  These set points shall be
operator adjustable at the MIP-OIU.

Well Pump Eq. No. Pump On Pump Off

LF03 EW-1 40 5.0 1.0

LF03 EW-2 41 5.0 1.0

LF03 EW-3 42 5.0 1.0

LF03 EW-4 43 5.0 1.0

LF03 EW-5 44 5.0 1.0

LF03 EW-6 45 5.0 1.0

LF03 EW-7 46 5.0 1.0

LF03 EW-8 47 5.0 1.0

LF03 EW-9 48 5.0 1.0

OT17 EW-1 74 5.0 1.0

OT17 EW-2 75 5.0 1.0

OT17 EW-3 76 5.0 1.0

OT17 EW-4 77 5.0 1.0

OT17 EW-5 78 5.0 1.0

3. LFO3 Interceptor trench and Transfer Station pumps

a. Pump flow shall be continuously monitored and displayed at OIU. Pumps shall  be stopped on
high equalization tank level or leak detector alarm in associated force main.  Total number of
gallons for each pump shall be totalized and shall be part of daily report. Pump status and
totalized run time shall be displayed at MIP-OIU.

b. Provide Hand-Off-Auto control of well pumps from MIP-PLC. In Hand pump shall run until
stopped by low level float. In Auto the pump shall operate based on start and stop floats. In
Off the pump shall not operate. Remote control of pumps from MIP-OIU requires that Hand-
Off-Auto switch in local control panel  be in Auto.

4. LF04 Pump Stations 1,2,3,4

a. Pump station flow shall be continuously monitored and displayed at OIU. Total number of
gallons for each pump shall be counted and shall be part of daily report. Pump status and
totalized run time shall be displayed at MIP-OIU.
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5. Force Main Isolation Valves

a. If leak detected  in force main between junction structure and LFO3, LD-7-2-11, -13, -15, -
16, MIP-PLC shall close isolation valve FV-7-1-1 and inhibit LFO3 pumping. If leak
detected in force main between junction structure and OT17, LD-7-2-18,-21, -23, MIP-PLC
shall close isolation valve FV-7-1-2 and inhibit pumping from OT17. If leak detected in
force main between treatment plant and junction structure, LD-7-2-1, -2, -5, -7, -9, -10,
Close FV-1-2-1, FV-7-1-1, FV-7-1-2 and inhibit pumping from LFO3 and OT17. If leak
detected in force main from treatment plant to LFO4, LD-1-1-0-1, -2, or LD-6-2-4 close
isolation valve FV-1-2-3, and inhibit pumping from LFO4 and OT20 EW-4. If leak
detected in force main between treatment plant and OT20, LD-6-2-1, -3, -6-1-0-1, close
FV-1-2-2 , FV-1-2-3 and inhibit pumping from LFO4 and OT20.

b. Provide monitoring of valve positions at MIP-OIU. If valve fails to reach commanded
position within set time, indicate fail condition.

c. Provide Manual-Auto control for valves at MIP-OIU. In manual the valves may be opened
or closed  from the MIP-OIU. In Auto the valves are operated as required by the leak detect
signals .

d.  Operation of the valves from the MIP shall require the valve actuator and local control
panel Local-Remote switches be placed in the Remote position. The Remote position shall
be displayed at the MIP-OIU.

6. Chemical Addition Systems LF03 and OT17

a.  Provide continuous monitoring of chemical tank levels and display low level condition in
tanks.

b.  Shut down pumps on force main leak detect or plant shutdown.

7. Equalization tank (Existing Signal to MIP-PLC)

a. High level in equalization tank shall inhibit all remote pumping and close all isolation
valves.

8. Inclined Plate Clarifier (IPC) Eq. No. 62

a. Existing hydrogen peroxide pumps P-4-1-1, -2 and existing polymer feed pump P-4-5-1
shall be flow paced from new influent flow meter FE/FIT-1-2-1. Pumps are currently flow
paced from flow meter FE/FIT-1-4-1. Low flow at FE/FIT-1-2-1 shall stop pumps.

b. IPC flash tank and flock mix tank mixers are controlled locally. MIP-PLC shall monitor
run and fail status of the mixers.

c. MIP-PLC shall provide Manual and Automatic control of the IPC sludge transfer pumps P-
1-7-1, -2. In Manual, the sludge pumps may be started or stopped from MIP-OIU. In
Automatic, the sludge pumps shall run based of operator adjustable interval and duration
timers. Pumps Pump status, high discharge pressure condition, and totalized run time shall
be displayed at MIP-OIU.

d.  The sludge pumps shall stop when influent flow falls below an operator adjustable low flow
set point.

e.  Shut off pumps on high discharge pressure.

9. Tanker Unloading Pumps and Transfer Tank

a. MIP-PLC shall monitor transfer tank high and low level and provide a pump inhibit based
on existing equalization tank high-high level float.

10. Influent Feed Pumps Eq. No. 65 and 66
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a. Existing MIP-PLC controls shall be modified to control flow from pumps on linear function
of equalization tank level between low and high operator adjustable setpoints at MIP-OIU.
At low level setpoint, pump shall be at minimum flow and at high level setpoint pump shall
be at maximum flow. Level control function shall generate a flow setpoint for pump flow
controller. Flow control loop shall receive process flow signal from FE/FIT-1-4-1.

b. Existing control strategy starts influent pumps 90 seconds after the UV units have started.

11. Pressure Filter Influent Flow Meter

a. Program values for analog input from flow meter, FE/FIT-1-4-1, shall be re-entered for new
meter flow range.
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12. UV Hydrogen Peroxide Dosing Pumps

a. The existing UV hydrogen peroxide pumps are presently controlled from the existing
UV control system PLC. The existing pumps shall be rewired to accept control from the
MIP-PLC. The existing UV control PLC, shall be reprogrammed by the original supplier
of the units to allow control of the pumps from the MIP-PLC.

b. MIP-PLC shall provide pump required and flow pacing signals to hydrogen peroxide
pumps. MIP-PLC shall provide Manual and Automatic control of pumps. In manual the
pumps shall be started and stopped from the MIP-OIU. In Automatic, a dosing rate shall
be entered by the operator. The pumps shall be flow paced based on flow meter FE/FIT-
1-4-1 and the desired dosing rate.

c. Loss of the pump flow signal pulse shall shut down the system. 

11. Pressure Filters No. 3 and No. 4, Eq. No. 67, 68.

a. Existing MIP-PLC addresses existing two filters. Modify MIP-PLC and OIU programs to
display required indication for additional two filters and modify any related logic. All four
filters shall be displayed on the same MIP-OIU screen.  Signals shall be provided by new
filter control PLC program.

12. UV Reactors 2 and 3, Eq. No. 69-1 and 69-2:

a. Operation of UV reactors is controlled by PLC furnished by equipment vendor. All manual
controls associated with operation of UV reactors are local to UV PLC.  Operator is directed
to vendor supplied O&M Manual for information on operation of UV reactors.

b. Following UV reactor status signals are transmitted to MIP-PLC:

1) UV system available.
2) UV system run.
3) UV system fail.

c. MIP-PLC shall send an operator initiated required system request to each UV system PLCs.
d. Lamp shutdown and emergency alarms local to UV PLC are transmitted to MIP-PLC as

general alarm.  MIP-PLC will automatically shut-down affected UV system upon receipt of
critical alarm from UV PLC.

e. MIP-PLC shall provide split flow ratio control for flow rate through each UV system. Flow
meters FE/FIT-2-3-1, -2 provide flow signals for respective UV system. MIP-PLC provides
control signal to flow control valves FCV-2-3-1, -2. MIP-PLC provides ratio stations for
operator entry of percent of flow setpoints. Ratio setpoint is percent of flow of FE/FIT-1-4-1
that each system shall receive. Values entered into ratio stations generate flow setpoint for
UV system flow controllers. Flow controllers shall be designed to compensate for meter
inaccuracies to allow total plant flow to pass.

f. On an UV system fail signal, the MIP-PLC shall close the associated UV system flow
control valve. The MIP-PLC shall automatically enter a value of 100 percent to the ratio
controller for the UV system not affected and a value of 0 percent to the affected loop ratio
controller, directing all forward flow through the unaffected UV system. Should the total
forward flow exceed the capacity of the on-line UV system, it shall also shut down. This in
turn shall stop the influent pump, shutting down the treatment system. After the UV system
fault has cleared, the UV system shall cycle through an automatic restart. The MIP-PLC
upon receiving UV system available shall reset ratio controllers to values prior to fault and
restart influent pump if it had been shut down.
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13. GAC Units (existing function, relocation of PITs requires functional check of this control)

a. MIP-PLC compares PIT-2-5-1 with PIT-2-5-2 and PIT-2-5-2 with PIT-2-5-3 and if either
difference is greater than 8 psi, a non-critical alarm shall be indicated.

2.03 INPUT/OUTPUT LISTS

   A. I/O point list contains information to configure I/O interface hardware and to indicate range conversion
or signal functions.

   B. TAG is field instrument tag number or local panel or equipment tag number or panel device tag number
providing same function or signal.

   C. P&ID is process and instrumentation drawing number of I/O point.

   D. DESCRIPTION is alphanumeric character string up to 24 positions in length.  Provide prewired I/O
hardware for points described as SPARE.

   E. SIGNAL TYPE is none of following.

1. AI designates analog input.
2. DI designates digital input.
3. PI designates pulse input.
4. AO designates analog output.

   F. DATA FIELD 1 and DATA FIELD 2 describe function or signal characteristics.  These are further
defined under each signal type.

   G. PLC number is number of programmable controller I/O point interfaced to.

2.04 PLC PROGRAMMING GUIDELINES

   A. Setpoints, alarm values, timer values, control loop tuning parameters, and or numeric values used within
PLC programs shall be part of continuous common data table within PLC program.  Value changes shall
not require modification to any instructions within PLC ladder logic program, but shall be adjustable
through changes to data table.

   B. Unless specified otherwise, procedure for control power fail restart for equipment shall be as follows:

1. Equipment shall shutdown on loss of control power.
2. Upon restoration of power, previously running equipment shall be restarted using same sequence

of startup used for automatic control.  Prior to restart, auxiliary equipment shall be placed in off
condition (i.e. pump discharge valve closed prior to pump restart).

3. Equipment running in PLC-manual control shall not restart following power restoration.
4. Equipment restart shall be sequenced through use of timers to prevent simultaneous restart.

   C. PLC shall not control equipment unless respective equipment local- PLC handswitch is in PLC position.
Data monitoring, logging shall continue in both local and PlC control modes.

   D. Provide adjustable digital filtering of analog inputs to eliminate process upsets due to noise.  Use
minimum time constant required to remove noise.

   E. Provide adjustable timers for alarm display points to prevent nuisance alarm.  Timer values shall be
0-30 sec.  Initial setting, unless otherwise specified, shall be 5 sec.
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   F. Unless otherwise specified in PLC descriptions, utilize following timer values to generate equipment fail
alarms.  Refer to Drawings for details of alarm circuit requirements.

1. Valve fail to open:  30 secs.
2. Valve fail to close:  30 secs.
3. Equipment fail to start:  30 secs.

   G. PID control loop outputs shall utilize sample and hold algorithm.  Intent is to allow slow reacting
processes to stabilize before additional control output changes are made by maintaining constant output
from PID controller for adjustable time period.  PID control shall utilize deviation setpoints to reactivate
controller in event deviation is exceeded during controller off time.  Unless specified otherwise in PLC
descriptions, off time shall be adjustable 0-30 secs.

2.05 OIU AND CONTROL ROOM PROGRAMMING GUIDELINES

   A. Provide upper and lower bounds on acceptable values for data entry points.  Entry of values outside
acceptable bounds shall not be entered into controls and shall generate appropriate message on screen.

   B. Unless otherwise specified, scan process points once per second.

   C.  Configure OIU for independent operator login with password security.

   D.  OIU display screen.

1. There shall be one Main Menu Screen as direction for all other screens.  Selection of any screen
shall be by cursor pick of description for that screen or function key identifier for that screen.

2. There shall be new screens for each of  the following process areas:

a. Well Pumps, Well Pump level meters, Well Pump flow meters, associated pipe leak
detectors, and junction structure isolation valves.

b. Pressure Filters No. 3 and No. 4 shall be shown on existing pressure filter screen.
c. UV Oxidation System No.2 and flow control valves shall be shown on existing UV

Oxidation System No.1 screen.
d. Alarm Screen:  All points in alarm.
e. Data Entry Screen:  Listing of all operator entered values.
f. Trend Screen:  Operator selected points for trending.
g. Report Screen:  Operator initiated report generator.  May be combined with data entry

screen.

3. There shall be pick-points on all screens that allow for return to main menu or to adjacent process
flow screen (continuation of all process flow paths, either entering or existing).

4. Screens shall be simplified representation of process flow stream and associated equipment as
shown on P&IDs Drawings.  Only major devices should be shown.  Non-reporting isolation valve,
check valve, indicators, etc. need not be shown.

5. Pick-point shall be by placing mouse cursor on object or text and clicking left mouse button, or by
selection of associated function key (F1-F12).  Do not use key combination if selection is by
function key, key identifier shall be part of object text makeup.  Preferred method is by mouse,
function key selection not required.

6. Pop-up activation for dynamic control of equipment shall be by pick-points associated with
symbol of device to be controlled.  Pop-up shall be small window or graphic overlay on  current
screen in location that will not interfere with current operation.  Pop-up will contain necessary
symbolism for dynamic control.

a. PID controller pop-up shall display alpha numeric tag of instrument being displayed.
Setpoint, process variable, and control variable shall be displayed in digital and bargraph



020499 16916-11 WRALC/EMQ - 202858

form.  Bargraph shall be graduated scale equal to instrument range.  Display bar shall be
equal in length to analog input value proportional to instrument range.  Setpoint and
process variable shall be in  engineering units.  Control variable shall be in percent of
output.  There shall be graphic representation of two-position selection switch labeled
Auto-Manual and shall act as pick-point.  When selected by cursor and activated by
clicking left mouse button, switch shall toggle between Auto and Manual mode of control.
When in Auto position, control variable is calculated by PID controller.  When in Manual
position, control variable output shall follow that set by operator.

b. Start-Stop Station pop-up  shall display alphanumeric tag of motor to be controlled.  Mode
of field selector switch shall be displayed.  If in Remote, word "Remote" shall be displayed
next to field selector switch notation.  If not in Remote, word "Local" shall be displayed.
There shall be graphic representation of two pushbuttons, one red in color labeled Start, or
green in color labeled Stop.  Buttons shall act as pick-points and when selected by cursor
and activated by clicking left mouse, button shall generate indicated output.   Button
activated shall highlight with black border.

c. Hand-Off-Auto Station - shall display alphanumeric tag of device to be controlled.  Mode of
field selector switch shall be displayed.  If in Remote word "Remote" shall be displayed next
to field selector switch notation. If not in Remote word "Local" shall be displayed.  There
shall be graphic representation of 3-position selector switch labeled Hand-Off-Auto.  Labels
shall act as pick points and when selected by cursor and activated by clicking left mouse
button shall generate indicated output.  Selector switch pointer shall be positioned to action
selected.

7. Process Lines and Inline Devices Symbols:

a. Process lines and non-dynamic symbols shall be same color, or closest color from standard
color pallet, as like process piping as specified in Section 15200, Process Mechanical Piping
Table.

b. Dynamic symbols shall change color based as following feedback status:

1) On/Open/Running, if via PLC control - Red.
2) On/Open/Running via Local handswitch - Yellow.
3) Off/Closed/Stopped - Green.
4) Failed - Flashing Yellow.

c. Inline devices shall have alphanumeric tag identified near, either above or beneath
associated symbol.

d. Arrow heads shall be used as pointers for flow direction at all points of entrance to
equipment, at all points where process line change direction and at points of merger.

e. Process lines entering or leaving screen shall have points of continuation identified by
boxed text, indicating From/To point.  One end of boxes shall form arrow to show direction
of flow and act as pick-point for selection of screen of continuation.  Color shall be same as
associated process line.

f. Process lines shall be identified with flow stream abbreviation as listed in standard symbolic
table and as shown on P&IDs, where convenient.

8. Equipment Symbols:

a. Symbol shape shall be simple reflection of true shape of equipment being depicted.
b. Outline color shall be white.
c. Equipment tag and description name shall be located within shape.  If not practical, shall be

near, either above or beneath shape.  Text shall be white and enclosed in white border box.
d. Symbols with dynamic values shall be displayed as follows:
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1) Tank levels shall be displayed within tank symbol as vertical bar, green in color.  Bar
height shall be proportional to analog input value scaled from 0 to 100%.  100%
shall  be equal to full vertical height of symbol.

2) Valve percent of open position shall be displayed beneath valve symbol as horizontal
bar, green in color.  Bar length shall be proportional to PID control variable output
scaled from 0 to 100%.  Bar shall be encased within green border box.  Length of
box shall equal valve position 100% open and slightly longer than valve symbol.

3) Data Values (flow, pH, D.O. etc.):  Data shall be displayed near associated device
symbol and shall consist of alphanumeric tag, green in color; digital data value,
white in color, right justified; engineering unit, green in  color.  Enter field shall be
grouped as one block.

2.06 PLANT ALARM SYSTEM

   A.  Provide overall plant alarm system.  Alarms and events shall also be logged to file.

   1.  Alarms shall be displayed at local OIU and logged to alarm printer.  Critical alarms shall also be
combined to form common alarm signals (dry contact) to activate phone dialer.

   B. General Requirements:

1. Provide alarm summary screens at OIU.

a. Alarm Summary Screen

1) Display only current alarms.  Acknowledged alarms which are no longer active shall
not be displayed.

2) Allow operator to acknowledge alarms using single keystroke at alarm summary
screen.

3) Display shall include following information:

- Time and date alarm initially occurred.
- Alarm point identification.
- Alarm value and engineering units for alarms generated from analog process

points.
- Description of alarm (up to 40 characters).
- Alarm silencer.

2.07 DATA LOGGING REQUIREMENTS - ANALOG

   A. Process points as selected by operator shall be logged to  hard disk of  OIU.

   B. Procedure for data collection and storage for analog data shall be as follows.

1. PLC associated with parameter shall sample or calculate parameter minimum of once every
5 secs.

2. PLC shall calculate average value for parameter once every 5 secs using 5-sec samples above.
3. PLC shall also calculate min., max., and average for each point and se parameters shall also be

logged.

   C. Data logged shall be in ASCII format and comma delineated.  Log data to separate files based on OIU.
More than one file per OIU may be required.  Process points within file include shall be designated by
GOVERNMENT.

2.08 TREND DISPLAY REQUIREMENTS
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   A. Configure OIU computer to display logged data in graphical trend format.

   B. Trend Display Requirements Required:

1. Identification of process point being displayed.  Use same nomenclature as used on graphic
display screens.

2. Start and end time of data being displayed.
3. Display shall incorporate movable vertical cursor along time axis.  Parameter values at cursor

date and time shall be displayed digitally.
4. Initial configuration of displays shall display data from present time back to 48 hrs prior to

present time.  Provide capability for operator to enter new start time for data being displayed to
view parameter trend more than 48 hrs old.

5. Displays shall include y axis range identification, including values and engineering units.
6. Configure trend displays to use maximum of control room computer screen area possible for

purpose of increased resolution.
7. Trend displays shall be accessible, via single keystroke, from graphic screen displaying trended

point.

   C. Organize graphics screens for trend displays into categories by process area in which OIUs are located.
Parameters available for display within each category shall correspond to those logged parameters listed
above for each OIU.  Provide separate category for control room computer manually entered data.

1. Provide separate graphic screen within each category to display each process point trend with
following exceptions, which describe points which shall be displayed on common trend screen
with common x and y axis.  Each process point shall be displayed using different color on screen.

PART 3 EXECUTION

3.01 INSTALLATION

   A. Install and wire in accordance with manufacturer's written instructions and approved submittals.

3.02 I/O POINT SPARES UTILIZATION

   A. Incorporate 20% prewired spare points into active point data base. Include changing point names,
descriptions, ranges, or statuses from spare to new point.  Include related documentation changes.
Spares utilization will be subject to following limitations.

1. Incorporation shall not significantly alter control software functions.  Minor change is addition of
device alarm input.  Significant change is addition of control device.

2. Incorporation shall not significantly alter local area panels or field wiring to device.  Minor
alterations include additions of signals to terminations.  Significant alterations include addition of
major equipment.

3. Additions shall not increase size of reports beyond that specified.
4. Change will not be made subsequent to Submittal approval of given panel or process area loop

drawings.

   B. Treat changing of active points to spare points in same manner as incorporation of spares.

3.03 I/O POINT DATA FIELDS

   A. I/O point data fields subject to review and modification by GOVERNMENT during Shop Drawing
review phase.  Incorporate changes into entire system.
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3.04 FIELD QUALITY ASSURANCE

   A. Update hardware to manufacturer's latest revision level during course of Work and warranty period.
Perform updating as revisions are issued by manufacturer.

   B. Maintenance:

1. Properly maintain operational equipment at factory or on-site throughout course of Work.
2. Perform preventative maintenance in accordance with manufacturer's recommendations.
3. Keep maintenance records with equipment and make available for inspection at any time during

course of Work.

   C. Provide coordination assistance necessary for calibration of overall instrumentation and control system
and for resolution of interface discrepancies between I/O subsystem, panels, equipment, instrumentation,
and final control devices.  Where interface conflicts exist, document conflicts in writing to
CONTRACTING OFFICER.  Provide terminal numbers, device name, tests performed, and diagnosis of
problem.
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SCHEDULE 1 FOR 16916

Tag No. Description Type Analog Range Setting

MIP-PLC INPUTS/OUTPUTS

LSHH-1-2-1 Tank High High Existing 14 ft

LSLL-1-2-1 Tank Low Low Existing 2 ft

LSH-7-2-1 MH No. 1 High Level DI

LSH-7-2-2 MH No. 2 High Level DI

FIT-1-2-1 IPC Inlet Flow AI

HS-1-2-3-1 FV-1-2-3 In Remote DI

ZS-1-2-3 FV-1-2-3 Open DI

ZS-1-2-3 FV-1-2-3 Closed DI

HS-1-2-3-2 FV-1-2-3 Open DO

HS-1-2-3-2 FV-1-2-3 Close DO

HS-1-2-2-1 FV-1-2-3 In Remote DI

ZS-1-2-2 FV-1-2-3 Open DI

ZS-1-2-2 FV-1-2-3 Closed DI

HS-1-2-2-2 FV-1-2-3 Open DO

HS-1-2-2-2 FV-1-2-3 Close DO

HS-1-2-1-1 FV-1-2-3 In Remote DI

ZS-1-2-1 FV-1-2-3 Open DI

ZS-1-2-1 FV-1-2-3 Closed DI

HS-1-2-1-2 FV-1-2-3 Open DO

HS-1-2-1-2 FV-1-2-3 Close DO

LCP-1-6-1 M-1-6-1 Run DI

LCP-1-6-1 M-1-6-1 Fail DI

LCP-1-6-1 M-1-6-2 Run DI

LCP-1-6-1 M-1-6-2 Fail DI

LCP-1-7-1 M-1-7-1 Run DI

LCP-1-7-1 M-1-7-1 Fail DI

LCP-1-7-1 M-1-7-1 High Discharge Pressure DI

LCP-1-7-1 M-1-7-1 Required DO
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Tag No. Description Type Analog Range Setting

LCP-1-7-1 M-1-7-1 Run DI

LCP-1-7-1 M-1-7-1 Fail DI

LCP-1-7-1 M-1-7-1 High Discharge Pressure DI

LCP-1-7-1 M-1-7-1 Required DO

LCP-1-5-2 High Level In Tank 1-5-2 DI

LCP-1-5-2 Low Level in Tank 1-5-2 DI

LCP-1-5-2 High Level Inhibit DI

LCP-1-3-1 Influent Pump 1-3-1 Required DO

LCP-1-3-1 Influent Pump 1-3-1 Fail DI

LCP-1-3-1 Influent Pump 1-3-1 Run DI

LCP-1-3-1 Influent Pump 1-3-1 High Temperature DI

LCP-1-3-1 Influent Pump 1-3-1 Speed AI

LCP-1-3-1 Influent Pump 1-3-1 Speed Control AO

LCP-1-3-1 Influent Pump 1-3-2 Required DO

LCP-1-3-1 Influent Pump 1-3-2 Fail DI

LCP-1-3-1 Influent Pump 1-3-2 Run DI

LCP-1-3-1 Influent Pump 1-3-2 High Temperature DI

LCP-1-3-1 Influent Pump 1-3-2 Speed AI

LCP-1-3-1 Influent Pump 1-3-2 Speed Control AO

P-1-4-1 Pump P-1-4-1 Required DO

P-1-4-1 Pump P-1-4-1 Stroke Control AO

P-1-4-2 Pump P-1-4-2 Required DO

P-1-4-2 Pump P-1-4-2 Stroke Control AO

FS-1-4-1 Hydrogen Peroxide Flow PI

FE/FIT-1-4-1 Pump Flow
(existing signal scaled to new range)

AI 0-1200 GPM

LCP-2-1 Pressure Filter 3 Online DI

LCP-2-1 Pressure Filter 4 Online DI

LCP-2-1 Pressure Filter No. 3 Backwashing DI

LCP-2-1 Pressure Filter No. 4 Backwashing DI

LCP-2-1 P.D. High Alarm No. 3 DI



020499 16916-17 WRALC/EMQ - 202858

Tag No. Description Type Analog Range Setting

LCP-2-1 P.D. High Alarm No. 4 DI

LCP-2-1 OK to Start Backwash DO

LCP-2-1 Start/Stop Backwash Pump  DI

FIT-2-3-2 UV System 2 and 3 Inlet Flow AI

FIT-2-3-1 UV System 1 Inlet Flow AI

LCP-2-4 UV Module 2 System Available DI

LCP-2-4 UV Module 2 System Run DI

LCP-2-4 UV Module 2 System Fail DI

LCP-2-4 UV Module 2 Required DO

LCP-2-5 UV Module 3 System Available DI

LCP-2-5 UV Module 3 System Run DI

LCP-2-5 UV Module 3 System Fail DI

LCP-2-5 UV Module 3 Required DO

HS-2-3-1-1 FCV-2-3-1 In Remote DI

HS-2-3-1-2 FCV-2-3-1 Position Control AO

ZIT-2-3-1 FCV-2-3-1 AI

HS-2-3-2-1 FCV-2-3-2 In Remote DI

HS-2-3-2-2 FCV-2-3-2 Position Control AO

ZIT-2-3-2 FCV-2-3-2 Position Signal AI

PIT-2-5-1 GAC Inlet Pressure AI

PIT-2-5-2 GAC Pressure Between Units 1and 2 AI

PIT-2-5-3 GAC Outlet Pressure AI

Connects to LF03-LCP-8-1 which communicates with MIP-PLC through fiber optics.

P-8-1-1 P-8-1-1 Pump Required DO

P-8-1-1 P-8-1-1 Pump Running DI

LE/LT-8-1-1 LF03 RW1 Well Level AI 0-18 ft

FE/FIT-8-1-1 P-8-1-1 Pump Flow AI 0-15 GPM

LAH-4-2-13 Leak Detect Manhole DI

LAH-7-2-15 Leak Detect Manhole DI

LAH-7-2-16 Leak Detect Manhole DI
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Tag No. Description Type Analog Range Setting

P-8-1-2 P-8-1-2 Pump Required DO

P-8-1-2 P-8-1-2 Pump Running DI

LE/LT-8-1-2 LF03 RW2 Well Level AI 0-15.35 ft

FE/FIT-8-1-2 P-8-1-2 Pump Flow AI 0-15 GPM

P-8-1-3 P-8-1-3 Pump Required DO

P-8-1-3 P-8-1-3 Pump Running DI

LE/LT-8-1-3 LF03 RW3 Well Level AI 0-13.3 ft

FE/FIT-8-1-3 P-8-1-3 Pump Flow AI 0-30 GPM

P-8-1-4 P-8-1-4 Pump Required DO

P-8-1-4 P-8-1-4 Pump Running DI

LE/LT-8-1-4 LF03 RW4 Well Level AI 0-18 ft

FE/FIT-8-1-4 P-8-1-4 Pump Flow AI 0-30 GPM

P-8-1-5 P-8-1-5 Pump Required DO

P-8-1-5 P-8-1-5 Pump Running DI

LE/LT-8-1-5 LF03 RW5 Well Level AI 0-17.5 ft

FE/FIT-8-1-5 P-8-1-5 Pump Flow AI 0-25 GPM

P-8-1-6 P-8-1-6 Pump Required DO

P-8-1-6 P-8-1-6 Pump Running DI

LE/LT-8-1-6 LF03 RW6 Well Level AI 0-18.5 ft

FE/FIT-8-1-6 P-8-1-6 Pump Flow AI 0-20 GPM

P-8-1-7 P-8-1-7 Pump Required DO

P-8-1-7 P-8-1-7 Pump Running DI

LE/LT-8-1-7 LF03 RW7 Well Level AI 0-18.5 ft

FE/FIT-8-1-7 P-8-1-7 Pump Flow AI 0-20 GPM

LE/LT-8-1-7 LF03 Chemical Tank T-8-2-2 AI 0-17 ft

P-8-2-3 P-8-2-3 Chemical Pump run DI

Connects to LF03-LCP-8-2, which communicates with MIP-PLC through fiber optics

P-8-1-8 P-8-1-8 Pump Required DO

P-8-1-8 P-8-1-8 Pump Running DI

LE/LT-8-1-8 LF03 RW8 Well Level AI 0-18.5 ft
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FE/FIT-8-1-8 P-8-1-8 Pump Flow AI 0-20 GPM

P-8-1-9 P-8-1-9 Pump Required DO

P-8-1-9 P-8-1-9 Pump Running DI

LE/LT-8-1-9 LF03 RW9 Well Level AI 0-18.5 ft

FE/FIT-8-1-9 P-8-1-9 Pump Flow AI 0-20 GPM

P-8-1-10 P-8-1-10 Pump Required DO

P-8-1-10 P-8-1-10 Pump Running DI

LSHH-8-1-10 Interceptor Trench high level

LSH-8-1-10 Interceptor Trench pump on

LSL-8-1-10 Interceptor Trench pump off

FE/FIT-8-1-10 P-8-1-10 Pump Flow AI 0-20 GPM

P-8-1-11 P-8-1-11 Pump Required DO

P-8-1-11 P-8-1-11 Pump Running DI

LSHH-8-1-11 Transfer Station high level

LSH-8-1-11 Transfer Station pump on

LSL-8-1-11 Transfer Station pump off

FE/FIT-8-1-11 P-8-1-11 Pump Flow AI 0-20 GPM

Connects to JS-LCP-7-1 which communicates with MIP-PLC through fiber optics

LAH-7-2-5 Leak Detect Manhole DI

LAH-7-2-7 Leak Detect Manhole DI

LAH-7-2-9 Leak Detect Manhole DI

LAH-7-2-10 Leak Detect Manhole DI

LAH-7-1-4 Leak Detect Manhole DI

LAH-7-1-18 Leak Detect Manhole DI

YL-7-1-1-4 Valve 7-1-1 in Remote DI

YL-7-1-1-5 Valve 7-1-1 Open DI

YL-7-1-1-6 Valve 7-1-1 Closed DI

HS-7-1-1-6 Valve 7-1-1 Open/Close DO

YL-7-1-2-4 Valve 7-1-2 in Remote DI

YL-7-1-2-5 Valve 7-1-2 Open DI
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YL-7-1-2-6 Valve 7-1-2 Closed DI

YL-7-1-2-6 Valve 7-1-2 Open/Close DO

Connects to OT17-LCP-9-1, which connects with MIP-PLC through fiber optics

P-9-1-1 P-9-1-1 Pump Required DO

P-9-1-1 P-9-1-1 Pump Running DI

LE/LIT-9-1-1 OT17 EW-1 Well Level AI

FE/FIT-9-1-1 P-9-1-1 Pump Flow AI

LE/LIT-9-2-2 OT17 Chemical Tank Level AI 0-17 ft

P-9-2-2 OT17 Chemical Pump Run DI

Connects to OT17-LCP-9-2, which connects with MIP-PLC through fiber optics.

P-9-1-2 P-9-1-2 Pump Required DO

P-9-1-2 P-9-1-2 Pump Running DI

LE/LIT-9-1-2 OT17 EW-2 Well Level AI

FE/FIT-9-1-2 P-9-1-2 Pump Flow AI

LAH-7-2-21 Manhole Leak Detect DI

LAH-7-2-23 Manhole Leak Detect DI

Connects to OT17-LCP-9-3, which connects with MIP-PLC through fiber optics.

P-9-1-3 P-9-1-3 Pump Required DO

P-9-1-3 P-9-1-3 Pump Running DI

LE/LIT-9-1-3 OT17 EW-3 Well Level AI

FE/FIT-9-1-3 P-9-1-3 Pump Flow AI

Connects to OT17-LCP-9-4, which connects with MIP-PLC through fiber optics.

P-9-1-4 P-9-1-4 Pump Required DO

P-9-1-4 P-9-1-4 Pump Running DI

LE/LIT-9-1-4 OT17 EW-4 Well Level AI

FE/FIT-9-1-4 P-9-1-4 Pump Flow AI

Connects to OT17-LCP-1-5, which connects with MIP-PLC through fiber optics.

P-9-1-5 P-9-1-5 Pump Required DO

P-9-1-5 P-9-1-5 Pump Running DI

LE/LIT-9-1-5 OT17 EW-5 Well Level AI
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FE/FIT-9-1-5 P-9-1-5 Pump Flow AI

LF04-PS-1 PS-1 Pump Run DI

FE/FIT-PS-1 PS-1 Pump Flow AI 0-25 GPM

LF04-PS-2 PS-2 Pump Run DI

FE/FIT-PS-2 PS-2 Pump Flow AI 0-25 GPM

LF04-PS-3 PS-3 Pump Run DI

FE/FIT-DS-3 PS-3 Pump Flow AI 0-25 GPM

LF04-PS-4 PS-4 Pump Run DI

FE/FIT-PS-4 PS-4 Pump Flow AI 0-25 GPM

* * * END OF SECTION***


